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Abstract 
 Due to the increasing need to operate more efficiently in healthcare, clinics are seeking ways to 
improve patient flow as effectively as possible.  Lean tools have been recently adapted for process 
improvement in this industry.  The purpose of this project was to examine how discrete event simulation 
and other industrial engineering techniques can benefit the Weight Center at UMass Memorial Hospital 
in reducing non-value added process times, balancing resource utilization and other measures for 
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Executive Summary 
 In this project, we assessed the use of discrete event simulation modeling for lean process 
improvement at the UMass Memorial Weight Center.  In order to do this, we built a model of the clinic 
using Rockwell Automation’s simulation software Arena and utilized it in conjunction with other 
industrial engineering techniques to explore how using these tools could benefit patient flow. 
Background 
 The Weight Center provides a wide range of services targeted at patients with obesity or weight-
related diseases.  The clinic’s intent is to facilitate the weight reduction goals of its patients by providing 
behavioral and surgical options.  Patients are admitted to one of three tracks: the Behavioral Track, the 
Surgical Track, or a Custom Track.  The Weight Center staff includes of a wide variety of medical 
professionals including nurses, surgeons, nurse practitioners, psychologists, dieticians and nutritionists.  
Additionally, the Medical Director helps patients determine the track best suited to their needs and 
meets exclusively with first time patients.  Depending on their type of visit, a patient will interact with a 
specific combination of these staff members.  Due to complexities involving the variety of patients and 
interactions with staff, analyzing flow and understanding resource needs can be extremely difficult.  This 
is where simulation can come into play. 
 Simulation can be used to replicate an existing system’s behavior without disturbing it and to 
analyze how future changes will affect the system without actually implementing them.  Simulation has 
gained prominence in the healthcare, as hospitals and clinics have implemented the lean model of 
improvement to maintain competitiveness.  The lean model identifies and eliminates non-value added 
activities that may unnecessarily hinder flow through a system.  In this project, we used simulation and 
other techniques to highlight areas in the Weight Center where lean improvements should be focused. 
Research Methodology 
 To evaluate potential improvements in the Weight Center, we collected relevant data from the 
clinic through observations and surveys, employed this data in creating Value Stream Maps, Future State 
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Maps, box plots, histograms and other visual aids to understand the impact of patient flow, and used 
the information we gained through this to develop a robust simulation model of the clinic. 
The combination of qualitative and quantitative data provided great insight into how the clinic 
functions.  The Value Stream Maps highlighted current improvement opportunities while Future State 
Maps showed how improvements would increase value-added time.  Box plots explored the implications 
of variability in process times.  Finally, and most significantly for this project, we demonstrated how the 
simulation model could be used to test possible solutions and determine whether the desired effects 
were achieved. 
Conclusions and Recommendations 
 Over the course of this project, we identified numerous areas for improvement pertaining to the 
Weight Center’s facility layout, administration, staff and patients. Issues related to layout included an 
insufficient number of exam rooms, unnecessary exam room utilization for blood draws, and congestion 
at the scale due to shared resources between clinics. Regarding administration, we highlighted delays 
related to patients being required to register twice per visit and the need for translators for non-English 
speaking patients. Communication between the front desk and Weight Center staff and the inefficient 
scheduling of short visits were areas where improvement should be pursued for the staff. Finally, issues 
involving patients such as late arrivals and unclear checkout location were of concern as well. 
The goal of this project was to explore how simulation can assist the Weight Center in their lean 
improvement endeavors, rather than to recommend specific solutions for improving flow. We proposed 
tentative solutions that may benefit the clinic but to fairly assess how effective they may be once 
implemented, more information is required. Simulation can be used in many cases, but not all, to test 
solutions and compare the resulting metrics with the Weight Center’s targets.  We provide an overview 
of areas where simulation can be extremely beneficial, as well as other areas where improvement 
should be targeted without the aid of simulation. 
1 | P a g e  
 
1. Introduction 
Healthcare is an essential, multi-billion dollar industry, yet its operations and improvement 
efforts are sometimes overshadowed by its purpose: the prevention, treatment, and management of 
illness and the preservation of mental and physical well-being through the services offered by the 
medical and allied health professions (Farlex, 2009).  Hospitals are divided into a multitude of areas or 
clinics, each with their own special focus.  Weight Centers are relatively new specialty clinics focused on 
addressing the unique and life-threatening problems arising from obesity and weight-related conditions.  
These problems can stem from many issues, such as unhealthy eating, lack of physical exercise, and 
genetic conditions (Carini, 2009).  Hospitals can offer a variety of services designed to assist patients in 
achieving their weight loss goals.  These include, but are not limited to, nutrition advising, exercise 
programs, behavioral counseling, and bariatric surgery.  Weight Centers also help patients after they 
have decided to address their weight problem by offering classes and seminars designed to help them 
maintain a healthy lifestyle (UMass Memorial Health Care, 2009).   
In this project, our main goal was to understand patient flow and to assess the use of process 
improvement techniques within the Weight Center at UMass Memorial Health Care.  We first needed a 
full understanding about how patients move through the clinic to be able to identify areas that could 
operate more smoothly and effectively.   To support this goal, we defined additional objectives which 
included: 
 Identifying bottlenecks 
  Assessing the utilization of resources 
 Creating a valid simulation model to evaluate possible improvements  
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  To achieve these goals, our methodology included the use of industrial engineering techniques 
along with discrete event simulation to describe in detail the processes and procedures of this clinic in 
the hospital, and to illustrate, analyze, and possibly improve some of these functions.  Using simulation, 
system performance can be presented in a manner that is easy to understand from outside of an 
industrial engineering standpoint.  Simulation allows decision-makers to view and analyze an existing 
system’s behavior without disturbing it, and observe how the system is affected by potential changes 
without physically modifying it.   In addition to simulation modeling, our methodology incorporated data 
collection techniques including questionnaires to Weight Center staff, in-clinic observations, and a 
follow-up survey.  Value Stream Maps and flow analysis were used as instruments in our Lean model of 
improvement. Each of these methods contributed to our understanding of the processes within the 
clinic and helped to identify waste. 
To measure the achievement of our goals we viewed the successful completion and 
presentation of our project in a number of ways.  First we looked at the acceptance of our project by the 
clinic staff.  If our suggestions and techniques were sincerely being considered for implementation, then 
our definition of clinic flow and suggested solutions to typical problems was successful.  Second, we 
evaluated whether or not our simulation model correctly depicts the flow in the clinic.  If the model is 
accurate, then the simulation results should match the data we were able to empirically collect.  Also, 
the model should be useful in exploring how changes to the flow would affect the clinic, its staff, and its 
patients.  If the staff would like to explore particular changes, our model should be able to effectively 
incorporate them.  In addition to this, we wanted future projects, whether academic or professional, to 
be able to build on our models as a tool in conducting their own research. 
The report is organized as follows.   First, Chapter 2 provides a detailed look at the Weight 
Center’s current operations, as well as the literature that explores lean and simulation in healthcare.  
Chapter 3 presents our methodology, including the questionnaires we created  and observations we 
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performed to collect our data.  Chapters 4 and 5 present our data analysis and the Value Stream Maps, 
flow analysis and Future State Maps we created.  Chapter 6 details how we created our simulation 
model, and validated it, to produce accurate results.  This chapter also describes the impact of 
simulation testing on the clinic’s flow.  Finally, Chapter 7 concludes the report by restating our goals, 
measuring our success accomplishing them, as well as examining how simulation can play a role in 
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2. Background and Literature Review 
 The following chapter provides background information on the UMass Memorial Weight Center 
and their patient tracks and also describes in detail the Weight Center staff and facility.  In addition, we 
have provided a background on process improvement as well as simulation in healthcare. 
2.1 Introduction 
According to the Centers for Disease Control and Prevention, about 67% of non-institutionalized 
adults age 20 years and over are overweight and about 34% are obese.  Overweight and obese 
individuals are at risk of developing diseases like diabetes, cardiovascular disease and cancer (CDC, 
2009).  The Mayo Clinic, which is an esteemed, well known health provider, says “weight is a balancing 
act and calories are part of that equation, and once one understands that one is ready to set weight-loss 
goals and make a plan for reaching them.” (Mayo Clinic, 2009).  The Staff goes on to say if an individual 
has serious health problems because of weight, surgeons may suggest weight-loss surgery or 
medications.  In this case, the patient and surgeon will need to thoroughly discuss the potential benefits 
and the possible risks.  This is where the bottom line of every successful Weight Center is established: 
“The key to successful weight loss is a commitment to making permanent changes in diet and exercise 
habits” (Mayo Clinic, 2009). 
2.2 UMass Memorial Healthcare – Weight Loss Programs 
UMass Memorial Medical Center in Worcester offers a full range of weight loss services through 
its Weight Center, including nonsurgical and surgical interventions.  In addition to this, all UMass 
Memorial hospitals provide nutrition services to patients to help with their health and dietary needs 
(UMass Memorial Health Care, 2009). 
The Weight Center at UMass provides a patient-focused program designed to help adults 
struggling with obesity and weight-related disease.  According to UMass, surgeons and specialists in 
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nutrition, behavioral medicine and exercise deliver respectful, confidential services.  The center 
welcomes inquiries from people interested in confronting health issues relative to excessive weight.  
“We provide the most advanced strategies for significant weight loss.  Programs are designed to help 
patients achieve healthy, long-lasting weight loss” (UMass Memorial Medical Center, 2009).  All patients 
are evaluated by a behavioral medicine provider and Medical Director before any appointments to 
ensure sure the patient is medically cleared to participate in the program.  Based on these evaluations, 
and through input from a registered dietician, a weight loss plan is created for each patient.  Patients 
can choose from the nonsurgical or surgical weight loss tracks, or choose a custom track of their own, 
still based on the Weight Center program.  
2.3 Behavioral Track Weight Management Program 
 The Behavioral Track weight management program promotes weight loss through the least 
invasive way: lifestyle change.  Professionals in medicine, psychology, exercise, and nutrition help 
people succeed with weight loss and weight loss maintenance.  All prospective Behavioral Track patients 
attend a free (open to the public) orientation meeting.  After this, the patient is contacted to schedule 
intake appointments with the Medical Director and one of the psychologists.  In addition, some patients 
will have an intake appointment with a registered dietitian.  There may be a recommendation for the 
patient to have follow-up appointments after the intakes and before the start of the Core Group.   
The Core Groups are fifteen weekly 90-minute sessions led by a psychologist, an exercise 
psychologist, or a dietician.  With new groups beginning periodically throughout the year, the curriculum 
is based on an “effective, well-researched weight loss program” (Weight Center, 2009).  The sessions 
progress as follows: 
1. Introduction to the Program 
2. Be a lifestyle detective 
3. Three ways to eat less fat 
4. Healthy eating 
5. Healthy eating out 
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6. Being active: a way of life 
7. Move those muscles 
8. Building a cardio program 
9. Breaking through barriers to exercise 
10. Step up your activity program 
11. Taking charge of what’s around you 
12. You can manage stress 
13. Problem solving 
14. The slippery slope of lifestyle change 
15. Ways to stay motivated 
 
Upon completion of the Core Groups, patients are urged to participate in monthly groups that 
focus on the skills and strategies needed to continue losing weight or to maintain the weight loss already 
achieved.  Patients are encouraged to attend “Exercise Essentials” which is the Weight Center’s exercise 
education and instruction program.  The program helps simplify fitness and provides information on 
how to develop a realistic and lasting exercise program.  Lastly, six monthly classes called “Keep it 
Moving” are also offered.  These are open-gym style sessions in small group format to help participants 
stay on track and update their exercise routines.  They are open to patients who have completed 
“Exercise Essentials” or have had an individual consultation with an exercise psychologist.   
2.4 Surgical Track Weight Management Program 
 The Surgical Track program prepares patients for bariatric surgery and continued success 
following the surgery.  This track includes the same benefits as the Behavioral Track, with the inclusion 
of surgical professionals.  The Surgical Track is designed for people with severe weight problems, where 
there may be medical issues stemming from their weight.  Like the Behavioral Track, patients will attend 
an orientation meeting, introductory meetings, and will be contacted to schedule intake appointments 
with the Medical Director, one of the psychologists, and a registered dietitian.  Follow up appointments 
with providers in different areas are necessary for complete preparation and are discussed as a patient 
progresses through the program.  Next, four weekly 90-minute sessions called Pre-surgery Skills Groups 
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are led by a psychologist or dietician.  The curriculum is designed to teach essential skills for long term 
success after weight loss surgery.  The sessions are: 
1. Behavioral Change I 
2. Behavioral Change II 
3. Nutrition I 
4. Nutrition II 
 
After the skills groups, there are post skills group follow up appointments with a Behavioral 
Medicine specialist, a nutritionist (optional), and the Medical Director (optional), which leads up to the 
surgical procedure.  Once the procedure is successfully completed, patients are monitored through 
follow-up appointments.  Physical activity instructions are given to the patient for before and after 
surgery.  The “Exercise Essentials” program and unlimited “Keep it Moving” sessions are included in the 
program.   
2.5 Custom Track 
 The custom track weight management program offers weight loss through behavioral change 
and is individually designed to suit the needs of each patient.  A patient chooses which services he/she 
desires, according to special conditions or weight loss goals.  Like the others, this track involves an 
orientation meeting and intake appointments.  Next, the patient will attend follow up appointments 
designed to get the patient to a weight loss goal.  This program may include individual or small group-
based physical activity instruction.  The “Exercise Essentials” program, “Keep it Moving,” and individual 
exercise consultations are also available.   
 All three program tracks require that a patient obtain clearance from the Medical Director in 
order to participate in the exercise programs.  In addition, all exercise programs are held at the Morgan 
Building, which is located off-site.   
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2.6 Staff and Types of Visits 
 The Weight Center medical staff is made up of hard working professionals devoted to helping 
patients achieve their weight loss goals (UMass Memorial Medical Center, 2009).  Table 1 summarizes 
the number and type of staff members.  On any particular day, there may be Personal Care Assistant(s) 
or a combination or PCAs and nurses available for patient appointments.  There can be two PCAs, one 
PCA, or a PCA and a nurse, depending on the day, types of patients, and number of patients.  There are 
three bariatric surgeons who rotate and see patients daily and two nurse practitioners who also see 
patients.  Also there is one fellow who is in clinic on certain days.  There is one psychologist, one 





Bariatric surgeon 3 
Nurse practitioner 2 
Personal Care Assistant 2 





Table 1- Weight Center Staff 
The Medical Director sees patients who are in clinic for the first time and need to be medically 
cleared in order to participate in bariatric surgery.  Typically, a patient only needs to be cleared once.  
However, in some cases, the surgeon will find an irregularity or underlying condition in a pre-surgery 
appointment and the patient will need to be cleared a second time.  The visit with the Medical Director 
begins as depicted in Appendix A with the patient checking in at the front desk and waiting to be called 
for their appointment.  Then, the patient is weighed by a nurse or PCA and sent to an exam room 
exclusively used by the Medical Director.  The nurse then takes the patient’s vital signs and goes over 
medical records, medications, allergies, etc.  Finally, the patient’s picture is taken for identification 
purposes since this is the patient’s first visit.  When the nurse is finished, the patient waits in the exam 
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room for the Medical Director.  Once the Medical Director is free and ready, he sees the patient and his 
interaction usually takes about an hour.  After this visit, the patient sees the receptionist to schedule the 
next appointment. 
 The bariatric surgeons in the clinic see patients for a number of reasons.  Patients are there for 
pre-surgery visits, post-surgery visits, and Established Patient Briefs, which are appointments for 
patients who have had surgery 6 or more months ago and are there for follow-ups and/or blood work.  
The patient checks in at the front desk and waits for their name to be called.  They are then escorted 
into the clinic area and weighed by a nurse or PCA.  Then medical reconciliation, allergies, and 
medications are filed along with other paperwork.  The nurse leaves and the patient waits for the 
bariatric surgeon.  Usually the bariatric surgeon will see all patients scheduled during the day he is in 
clinic.  However, sometimes a fellow or nurse practitioner will help in seeing patients, and sometimes 
they even have their own schedule.  After these visits, the surgeon may feel the need for blood to be 
drawn, and the nurse is called back into the exam room.  After this, the patient heads back to reception 
to schedule the next appointment.     
 The other types of visits at the clinic include appointments with a nutritionist, dietician, and/or a 
psychologist.  The behavioral medicine professionals each have their own offices in the Weight Center 
area.  Patients check-in at reception and wait in the waiting area.  Then, instead of a nurse or PCA, the 
behavioral medicine professional comes and gets the patient, weighs them in the weighing area, and 
takes them into their office.  The appointment is entirely in the office, and when finished, the patient is 
escorted out of the clinic.   
 Some patients are in clinic for more than one activity in a single visit because of travel 
restrictions or convenience.  Some of the Weight Center’s patients come from far away, and find it 
easier to schedule all their appointments in one day to avoid making the long trip more than once a 
month.  Others do it out of pure convenience or not wanting to have to remember more than one 
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appointment date.  In these cases, the patient may need to see their surgeon for a pre-surgery consult 
and also need to speak with the nutritionist in order to get ready for the surgery.  Usually, the surgeon 
will examine the patient first.  The appointment with the nutritionist is typically scheduled directly after 
the visit with the surgeon, and the patient will go directly into the nutritionist’s office for the consult.  If 
the nutritionist is not ready, or the patient’s appointment is not scheduled to occur for a while, the 
patient is escorted back into the waiting area and waits for his/her name to be called.  Some patients 
elect to go to the café and have lunch or even leave the hospital and come back later.  It is not 
uncommon however for the patient to see the nutritionist first and surgeon last, depending on who is 
available at the time. 
2.7 Clinic Facility and Environment 
The Weight Center is located on the Main floor of the UMass Memorial Medical Center, 
University Campus.  The clinic shares a front desk with surgery, neurology, transplant (liver, pancreas), 
nursing, urology, colorectal, and trauma.  Figure 1 shows the layout of the facility.   
There are a total of six exam rooms in the clinic, but usually only four are used.  Exam rooms 9, 
10, and 13 are used by the bariatric surgeons and nurse practitioners.  Exam room 11 is used solely by 
the Medical Director.  There is also a special procedure/ outpatient surgery room which is rarely used by 
nurses on extremely busy days to check a patient in.  Rooms F, H, M, and O in the layout are the offices 
of the Medical Director, Psychologist, Dietician, and Nutritionist respectively.  There is a room used for 
the Medical Director’s and nutritionist’s secretaries.  The nurse’s station is located in the middle of the 
clinic, along the south wall.  At the end of the hall, there is a consultation room used by the surgeons as 
a dictating area among other uses.  Lastly, the reception room is located just outside the waiting area, 
with a window looking into it.  The Weight Center sees patients Mondays (during morning session only) 
from 8 am to 12 pm and Tuesdays through Thursdays, 8 am to 12 pm for the morning session and 1 pm 
to 5 pm for the afternoon session.   
 
 




Room Description Room Description 
A Exam room 2 N Weighing room 
B Consult Room O Office of the Nutritionist 
C Exam room 1 P Exam room 10  
D Special procedure room Q Exam room 9 
E Utility Closet R Nurse’s Station 
F Office of the Medical Director S Secretary Offices 
G Exam room 11 T Reception 
H Office of the Psychologist U Large equipment storage 
I Exam room 13 V  
J Staircase W Front Desk Check-in and Waiting Room 
K Closet X Closet 
L Surgeon Dictation Area/Break Room Y Corridor 
M Office of the Dietician   
 
Figure 1- Weight Center Facility Layout 
2.8 Process Improvement in Healthcare 
The healthcare industry is undergoing a transformation in response to not only the economy, 
but increasing demand and competition.  These changes are due to multiple influences including but not 
limited to: 
 Advanced medical practices and technology 
 Evidence-based design 
 Patient privacy, safety for patients and staff 
In the last decade, most hospitals have experienced increasing competition with other hospitals in their 
markets (Jones, 2009).  This competition can range from technology to the number of specialty clinics 
they offer.  Any of these valued services not only secure large number of patients but also attract the 
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best talent in surgeons, nurses and other staff.  A large number of surgeons are starting to have their 
own private practices that offer many different types of services and are well marketed to be more 
personable and caring (Parnell, 2004).  In order to compete with this, specialty clinics have been 
developed within hospitals to allow specific treatments, surgery, and pre/post op services.  These more 
equipped and consumer friendly outpatient and inpatient facilities are costly but seen as a necessity to 
satisfy industry need (Gressel, 2008).  It is now important to focus on identifying where resources can be 
better allocated and costs can be decreased. 
Due to the need to create more efficient facilities in hospitals, there is a significant opportunity 
to use process analysis to improve satisfaction and control costs.  The ability to assess tradeoffs between 
resource utilization, service, and operating costs is imperative to monitor waiting times, room 
utilization, surgeon and/or nurse demand, or the allocation of any other resources.  Methods used to 
monitor these operations to assist in decision making include lean techniques and simple analytical 
models.   
Lean techniques are improvement processes that focus on decreasing the amount of resources 
used in operations of the enterprise.  “A Lean methodology encourages the improvement team to 
analyze all non-value adding activities that occur when dealing with customers, producing products, or 
the design of the facility” (Lean Production, 2007).  A non-value activity is “An activity or task that incurs 
an expenditure of time and/or money and does not contribute to the customer satisfaction, service or 
value” (Jacobs, Chase, & Aquilano, 2009).  Lean has its roots in manufacturing; however there are 
certain similarities between that and healthcare.  “Whether building a car or providing healthcare for a 
patient, workers must rely on multiple, complex processes to accomplish their tasks and provide value 
to the customer or patient. Waste — of money, time, supplies, or good will — decreases value” 
(Womack et al., 2005).  Lean is a very powerful tool, but must be applied top-down in order for its 
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benefits to be fully utilized.  Typical tools used with Lean include process mapping and Value Stream 
Mapping.   
A process map is the foundation for process improvement.  “If you can’t describe what you are 
doing as a process, then you don’t know what you are doing” (W. Edwards Deming).  For one to apply 
Lean as an improvement tool one must first fully understand the system and therefore a process map 
must be created.   A process map is literally a snapshot of how material, or in our case patients, move 
from place to place in a system.  Like any other process, a typical Weight Center appointment includes 
decisions that must be made depending on the type of patient, and this must be incorporated into the 
process map as well.  A completed process map will fully define the Weight Center and its flow, and will 
lead into the creation of a Value Stream Map.   
Value stream methods originated at Toyota factories as a way of identifying individual processes 
that can be eliminated in order to streamline the entire process, hence “value ‘stream’ mapping (VSM).”  
Also known as material and information flow mapping, value stream methods “link together people, 
Lean tools, metrics, and reporting requirements to achieve a Lean enterprise” (Tapping, Luyster, & 
Shuker, 2002).  It is mainly used as a data analysis tool in manufacturing environments with regards to 
communication between management and shop floor teams about actual material and information 
flow.  It is also used as a strategic planning tool and a change management tool (Value Based 
Management, 2009).    Today, it is a widely effective technique that is being applied to the healthcare 
industry monitoring patient flow instead of material flow.  The benefits are the same, as communication 
and efficient strategy and scheduling are pertinent to successful healthcare organizations.   
Analytical modeling is the “mathematical, logical, or mechanical representation of a 
relationship, process, system, or sequence of events so designed that a study of the model functions as 
way of summarizing the complex relations of the real world (Krumme, 2002).  The use of statistical 
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modeling such as finding means, confidence intervals, and other relevant statistics can help determine 
relationships, but that alone will not be sufficient to retain decisive conclusions on patient flow.    
2.9 Simulation in Healthcare 
 Discrete event simulation is one of the most widely used operations tools used to analyze and 
improve processes.  “Although simulation has been used in healthcare research for nearly three 
decades, the past five to ten years have witnessed a dramatic increase in use by non-academic 
healthcare practitioners” (Benneyan, 1997).   There are many possible explanations for this increase in 
use but the most prevalent seems to be the abundance of personal computers in the work place, and 
the increase in their computational power.  Healthcare organizations typically want to optimize their key 
performance indicators such as patient wait time, throughput, resource utilization, cost, and patient 
satisfaction. “These key performance indicators, in turn, depend on a complex mix of hospital design, 
operational policies, and operational parameters such as the number of hospital beds, operating rooms, 
exam rooms, x-ray technicians, nurses, and surgeons” (LookAhead Decisions, 2006).  Because finding the 
right mix is costly and difficult, industry leaders have turned to simulation-based solutions.  
Simulation involves building a model of the relevant aspects of healthcare operations and then 
experimenting with it to determine the effects of design parameters on the key performance indicators. 
These indicators might include: 
 Room turns per patient/ per hour/ per day 
 Ratio of surgeons to staff, surgeons to patients 
 The time between patient arrivals 
 The number and type of resources 
  Average time spent with each resource 
Simulation can be used as a tool to model current operations, identify bottlenecks and underused 
resources, assess opportunities for change and design and implement an alternative way of doing 
business.  It lowers risk by allowing a business to safely test “what-if” scenarios prior to deployment or 
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implementation.  Simulation has been shown to be an effective tool for a single department or 
networked departments (LookAhead Decisions, 2006). 
Despite becoming more popular there is resistance to using simulation in healthcare.  Some of 
the reasons why it is discouraged are: 
 Historical disincentives to control costs in healthcare  
 Healthcare managers’ reliance on simple analytical techniques for decisions making 
 Dehumanizing nature of simulation 
 Highly technical aspect of simulation 
Simulation is also time consuming and requires a lot of effort to develop models, so for this reason some 
do not find it worthwhile to design the experiments.  One can argue that analytical models are much 
simpler and give comparable results.  According to Lowery (1996), “many clinicians and administrators 
doubt the capacity of computer models to capture the complexity and unpredictable nature of 
healthcare” (p. 80).  The highly technical aspect of simulation is a major issue that affects simulation in 
healthcare.  The time and effort that is involved in developing a model even for a simple process can be 
demanding.  Since the healthcare environment is growing so rapidly it is a concern that when the model 
is finalized it is already outdated (Shonick, 1991).  Another issue with simulation is that once the model 
is created there is no completely accurate way to validate the data.  Usually data validation is performed 
by comparing a sample of observed observations with a sample of actual observation under the same 
set of input conditions.  In healthcare there is limited availability of real world data and the data that is 
captured most likely is no longer accurate due to the fast paced environment.  Other issues include the 
fact that simulation cannot forecast the future and that simulation cannot find the best solution to the 
problem (Klein et al., 1993).  The inability to predict the future is only a limitation if there is a 
misunderstanding with what is expected from the simulation.  Simulation models are not capable of 
finding the optimal solutions.  This can be a letdown to users who want a fast answer to a specific 
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question.  Having to implement multiple options can be time consuming and might not lead to an 
efficient solution (Lowery, 1996). 
 When deciding whether to use discrete event simulation as an analysis tool there needs to be a 
clear line of communication between all parties interacting with the simulation and its results (Klein et 
al., 1993).  If everyone is properly educated about simulation and have realistic expectations, then 
simulation can be very successful in provoking effective, structured conversation that can lead to 
decision making.  In addition, the act of building the simulation itself and documenting the process can 
lead to an in-depth analysis which will identify issues that might not have been noticed otherwise 
(Lowery, 1996).  Any concerns about the time and value that is associated with simulation should only 
be encountered if there is incomplete understanding of what it can accomplish. 
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3. Methodology  
 The methodology chapter outlines the steps taken to gain an understanding of patient flow 
throughout UMass Memorial Healthcare Weight Center, for process improvement opportunities.   
Initially we met with Weight Center management to gain an overview of how the clinic works and the 
responsibilities of the different resources.  Next, we developed questionnaires to distribute to the staff 
in order to determine how they viewed current state Weight Center operations.   We were also able to 
use existing data from the Weight Center patient’s satisfaction surveys for metrics involving where the 
patients thought improvements could be implemented.  After that, we discuss the methods used to 
observe the clinic in order to collect process times.   Finally, this chapter concludes with the techniques 
used to create our simulation model.  These methods led us to analyze clinic data and utilizemultiple 
industrial engineering techniques including: Value Steam Maps, flow analysis, and discrete event 
simulation. 
3.1 Data Collection Methods 
A successful data collection plan should be outlined by clearly defined goals.  Our study was 
directed toward understanding and improving patient flow in the UMass Memorial Healthcare Weight 
Center.  To meet this goal, our objects were to develop a solid process flow map that accurately depicts 
patient flow and to develop a simulation model of the clinic.  To support these objectives, we collected 
data to understand how patients flow throughout the clinic, as well as the time it takes to carry out the 
steps in each process.  In addition, the rate at which patients enter the system was important.  Other 
necessary data included the number of patients per care provider per session, clinic capacity, 
scheduling, and utilization of all resources. 
For the simulation to produce valid results, we collected data such as the percentage of patients 
per type of visit, the type of appointment, time of appointment, and actual arrival time in order to 
determine how Weight Center patients’ wait times were affected by other patients.  Some of the data 
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needed was retrieved from existing sources, including encounter forms and patient satisfaction surveys.  
However, some of the project’s information can only be gathered by observing clinic operations and the 
patients moving through the clinic.   
Data collection was a complicated aspect of this project because surgeon-patient confidentiality 
and respect for patient’s privacy hindered our ability to easily access the clinic to collect the data we 
needed.   The HIPAA Privacy Rule provides federal protections for personal health information and limits 
the amount of information we were able to view.  In addition,, patients may not have been immediately 
receptive to our presence due to self consciousness.  Although we considered the possibility of asking 
patients to complete surveys to record their wait times, we believed it was not a reliable method since it 
was subject to a greater degree of human error or even complete refusal to cooperate.  We maintained 
a delicate balance between data collection and patient privacy when we were in the clinic. 
 In order to obtain the information and data we needed to make our study and its results 
relevant, we collected data through voluntary staff interviews, patient satisfaction surveys and patient 
flow observation.  Interviews included brief questionnaires that members of the staff had the option of 
filling out and emailing back to us, and an online survey used in data validation.  Also, we allowed them 
the opportunity to meet with us to discuss each question in detail.  Both were voluntary on the staff 
member’s part, and we made that very clear in all communications.  The other method of collecting data 
involved making several trips to the UMass Weight Center and watching a few specific aspects of patient 
flow.  For this, we needed to seek approval from the Institutional Review Board (IRB) at WPI.  The IRB 
supports Federal Government and WPI’s policy which requires that all research involving human 
subjects must be reviewed and accepted, or exempted.   The IRB protects the rights and welfare of 
human subjects.  
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3.1.1 Staff Questionnaires 
 Questionnaires were sent out to the staff shortly after we met with Weight Center management 
at the beginning of the project.  The purpose of this questionnaire was to gain information about what 
issues the staff felt were present in the clinic and what they might perceive to be wasted activity.  This 
information helped us construct an outline of current issues and bottlenecks in the clinic and areas to 
observe closely while in the clinic.  We gained permission from the Weight Center management who 
contacted the staff to let them know about the study and that cooperation is voluntary.  Due to the 
nature of the questionnaire we did not have to go through the IRB approval process.  The questionnaires 
were distributed to 15 staff members, who can be broken down into four categories: Care Providers (6), 
Nurses (4), the Front desk (3), and Other (administration, upper management (2)).  See Appendix B for 
the email sent to staff. 
The questions we asked were: 
1. What is your position? 
2. What do you think are some of the major problems/issues/areas of improvement? 
3. What, in your mind, could be potential solutions to these? 
4. What is the most/least time consuming aspect of your duties in the Weight Center? 
5. What do you feel are your most/least import duties in the Weight Center? 
6. What are your typical duties in the Weight Center and how long do they take? 
Six of the fifteen employees we contacted replied to the email, some requesting a meeting to give us 
more detail, others attaching the original document with their responses (see section 4.1.1 for 
responses).  There seemed to be a sense of eagerness for our project, which translated to us getting 
significant data as well as keeping the staff involved.   The responses we received were used to construct 
a Value Stream Map (see section 6.1) and create a basis for the flow analysis (see section 6.2).   
3.1.2 Patient Satisfaction Surveys 
 UMass Memorial Healthcare has voluntary patient satisfaction surveys that are filled out after 
each visit.  These surveys contain information regarding timeliness of appointments as well as courtesy 
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of hospital staff and care providers.  Each process in a patients visit has a group of questions that 
address these areas.  These questions are rated on a scale of 0 – 100.  Each clinic in the hospital uses the 
prior month’s scores as a benchmark for the following month.  We used these surveys to identify areas 
or processes in the clinic where patients’ satisfaction is not fully met.   This information supported the 
issues brought up from both observations and the questionnaire.   Therefore, these satisfaction scores 
were utilized to confirm patient flow issues we found through other data collection methods.  
3.2 Clinic Observation 
 
In-clinic observations were the next method of data collection.  The main reason to observe was 
to collect accurate process times and to get firsthand experience seeing the clinic operate.  It was 
decided that the best way to collect data was to observe the Weight Center hallway where the four 
examination rooms are located.  We needed to record the time when a patient entered a room, when a 
care provider entered the room, and when they both left the room.  The difficulty was that we were not 
able to view the interaction between the care provider and patients so we did not know the specifics of 
each patient’s process.  Still, this was the most accurate way of collecting process data without 
breaching any confidentiality protocols, both legal and personal. 
 In order to obtain data on the patients wait time and actual time spent with a provider we 
needed to observe patients as they progress through their appointments.  This study was done for the 
purpose of understanding various metrics of patient flow, including average process time.  We planned 
to have two of us in clinic for six four hour sessions.  One person would observe the front desk/check-in 
area and the other would observe the main hallway.   
3.2.1 Front Desk Observation 
 By observing the front desk, we were able to determine patient arrival rates, waiting times, and 
capacity percentages.  The person observing the front desk discreetly watched operations from the 
waiting room.  This person was able to see each interaction between patient and check-in.  During this 
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time, encounter forms were filed for internal use.  Encounter forms are forms that all front-desk staff 
and nurses must fill out for a patient as their visit progresses.  Patient encounter forms are used in 
healthcare to document the care given to a patient during a visit.  The encounter form contains 
information such as: 
 The type of visit 
 Any procedures needed 
 If a follow-up occurs 
 If there is a referral 
 Billing information 
These forms are mainly used for administrative, legal, and compliance reasons.  But they have proved to 
be very beneficial in our research.  Each time a patient arrives at the Weight Center for check-in their 
arrival time is recorded in the upper left corner along with the time of their appointment in the upper 
right corner.  We were able to gather the information from the encounter forms daily after each session 
at any time throughout our project, not just the six sessions we were physically present in the clinic 
observing.  Because these forms have some personal patient information on them, we had to follow 
HIPAA guidelines, so information regarding patients’ medical records was kept confidential and was not 
removed from the clinic.  Our study did not require any patient’s private data, since we did not need any 
type of identifying information other than the type of visit, times, and the care provider they are seeing.  
This data was able to assist us in determining information such as the number of Weight Center patient 
arrivals, the average arrival rate, and the number of arrivals overall.   
3.2.2 Care Provider Observation 
To collect data on actual wait and process times we also observed patients as they progressed 
through their appointments.  While observing the care provider visits, we would sit or stand in the 
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hallway of the Weight Center and mark down times of each process.  The time template for observing is 
provided in Appendix C.3. 
These observations were handled discretely so as to not be in the way of staff and patient flow.  
The Weight Center staff was eager to help us in our observations, however it was more convenient to 
have any questions answered either prior to or after the observation period.   Despite a cooperative 
staff environment, the patients were sometimes vulnerable and did not always understand our purpose 
for being present in the clinic; we kept this in mind while observing patient flow.  There was no formal 
patient consent needed since we were not gaining information about patients individually.  Rather, we 
observed a process as a whole, nothing to do with specific patient research.  There were no questions or 
observations directed toward particular patients and data collected about the process was general 
enough to omit personal patient information if it was encountered.  However, there were times when 
we were asked as to what we were doing in the clinic.  When this happened we explained the purpose 
of our study, and that no patient information was being collected.  If the patient still felt uncomfortable 
we ceased data collection during this patient’s visit.  Although we were mindful of patient privacy, WPI 
requires projects with human subjects to apply for IRB approval.  
3.3 Follow-up Survey 
 Getting feedback from the staff in the Weight Center about average process times and the 
issues and solutions proposed was a great way to support our findings.  After observing the Weight 
Center, some problems we had previously identified had been addressed with the implementation of a 
new electronic medical record (EMR) software.  The survey allowed us to see how these solutions as 
well as future changes would affect the Weight Center.  Therefore, we could avoid presenting the clinic 
with unrealistic or unpopular changes and solutions for improving patient flow.  These solutions, 
including the EMR software and its benefits, will be discussed in section 5.2.5.  For now, we can talk 
about our methodology behind the survey and its questions.   
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3.3.1 Qualtrics 
 In order to obtain information from the Weight Center staff about the issues we have observed, 
we have utilized a free, online survey tool called Qualtrics.  Qualtrics lets users build general question 
surveys and also allows skip logic to be incorporated into the survey.  Qualtrics allowed the project team 
to separate answered surveys by the staff members’ position so that the first questions break the 
responses into populations.  Our survey can be seen in Appendix D.2.  These populations are how we 
identified our responses.  Other than a text entry box, the software does not permit us to collect 
personal identifying information about individual responses, and therefore all respondents were kept 
completely confidential.  The only information we obtained were the position title of the respondent 
and their IP address.  This was not enough information to allow us to identify the specific person who 
had taken our survey.   
3.3.2 Survey Questions 
 After the first question, the respondent is directed to a process time table according to what 
they answered for their position title.  Surgeons see surgeon track process times.  Psychologists, 
Dieticians, and Nutritionists see the Behavioral Med track process times, and so forth.  This way, we 
eliminated asking unnecessary questions and obtained answers from the staff that were directly 
involved in each type of patient visit.  The process time table included an average time for every step in 
a patient’s visit (each tailored to the type of visit).  The respondent simply marks whether or not they 
agree or disagree with that average time, based on their experience.  They can also choose “don’t 
know.” 
 The next group of questions involves changes that were made affecting Weight Center flow and 
its staff after we concluded our observation.  Respondents were asked whether they agree or disagree 
with the problem and the solution that was implemented.  These problems will be identified in section 
5.2.  The last group of questions involves the same logic as above, however they contain problems and 
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solutions that we have identified based on our observations but have not yet been addressed within the 
clinic. 
3.3.3 Administering the Survey 
 Before administering our survey, we sought IRB approval (see Appendices D.3 and D.4).  
However, since the survey did not collect identifying information, and since it was not seeking 
vulnerable individuals, it was considered exempt.  In order to actually send out our survey, we sent an 
email detailing what we did in the Weight Center to the entire staff and asked them to take the time to 
fill out our survey for further data collection.  This email can be seen in Appendix D.1. 
3.4 Lean Methods and Analysis 
In order to improve clinic flow, we used the Lean Model of Improvement to conduct process 
analysis in the Weight Center.  This model originated for use in manufacturing, but has been applied to 
many facets of the professional world, including business, technology, communication, and healthcare.  
The steps are as follows: 
 Identify value from the standpoint of the customer. 
 Identify the value stream through the steps required to create each product/service ‐ 
from concept to launch and order to delivery ‐ and remove the wasted steps. 
 Make the process of value creation flow smoothly and quickly to the customer. 
 Pursue perfection by constantly improving the product or service and the value stream.   
(Kerper, 2006) 
We tailored this model to five essential steps for this project.  First, we defined improvement 
goals considering the patient as the customer.  In order to achieve overall process improvement, we 
needed to study all facets related to patient flow.  As mentioned above, these include but are not 
limited to process times, wait times, patient arrival times, types of resources and their utilization, 
frequency of visit types, and value and non-value added times.  We obtained the data needed for these 
calculations from direct observation of the clinic. 
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After defining our goal, we defined the current state using a process map and measures specific 
to our goal.  “To truly improve, an organization must clearly understand all the forces and actions that 
might impact the delivery of treatment for a specific medical condition.  This understanding can be 
accomplished by creating a patient Value Stream Map” (Mand, 2009).  This was one of the most 
important steps.  Lean can be applied to any organization, but more importantly anything that involves 
processes, and in order to apply lean one must understand these processes.  From here, we created 
Value Stream Maps for patient flow, one for each of the three patient tracks, which showed Kaizen 
bursts identifying areas of improvement to gain a better understanding of Weight Center processes.  
These became a critical tool that we used to analyze improvement. 
The next step involved developing solutions to issues at bottlenecks and other problem areas 
based on ideas from the frontline staff.  Bottlenecks occur in processes where the needs of inputs 
(patients) exceed the availability resources (care providers, rooms, or nurses).  The capacity of an entire 
system is limited to the performance of the bottleneck processes so it is important to begin 
improvement efforts at these points.  An important measure in isolating bottlenecks is resource 
utilization.  We discerned where bottlenecks occurred by identifying the resources with the highest 
utilization and compared these results to the Weight Center’s goals.  Additionally, we were made aware 
of other issues regarding patient flow through the staff questionnaires and first hand observation. 
For the last two steps, we would test changes determined in step 3 and measure the results 
again using simulation to see the impact of these solutions.  However, the scope of the project limited 
us to completing only the first three steps although we did obtain preliminary results for steps 4 and 5.     
3.5 Simulating in Arena 
 In addition to using process analysis and lean techniques to improve Weight Center operations, 
one project goal was to develop a simulation model of clinic operations to demonstrate and explore the 
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value of such models.  We used software developed by Rockwell Automation called Arena to build our 
simulation model so it needed to adhere to the features available in this package.   
To create the model, we first examined the clinic’s process flow using lean methods described in 
Section 3.4.  Then we collected real world process time data from the Weight Center to simulate patient 
flow according to actual clinic operations.  To develop the model itself, we determined the critical 
components of the Weight Center and how Arena could be used to model it.  Once the model was 
complete, we took steps to rigorously validate and verify that it accurately reflected patient flow.  
Finally, we were in a position to simulate potential the solutions, developed through surveys and team 
analysis, to explore areas where the clinic would benefit most from process improvement.  Although 
completing this final step fell outside our project scope, we were able to demonstrate how simulation 
could be used to test potential improvements.  
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4. Data Analysis 
This chapter describes the steps taken to collect data for the project.  We used three forms of 
data collection:  distributing questionnaires to Weight Center staff, observing the clinic, and issuing a 
follow-up survey to gain feedback on our analysis.  This chapter also describes the results of the data 
analysis, which includes identifying areas of concern and possible improvements. 
4.1 Questionnaire Data 
 The analysis of the questionnaires has supported our understanding of patient flow in the 
UMass Weight Center.  This data provided starting points for our Value Stream Map as well as our 
simulation.  Encounter forms and the patient satisfaction surveys benchmarked how the clinic currently 
operates.  The questionnaire provided information on what the staff felt were problems and what could 
be potential solutions to these.  We were also able to gather process times from these questionnaires.  
Each individual piece of data we collected was not enough to provide an accurate means of describing 
current clinic flow.  However, the information collectively led us to understanding flow and developing 
ideas for future Weight Center patient flow success.   
4.1.1 Staff Questionnaires 
 Analyzing the Weight Center questionnaires involved separating the relevant from irrelevant 
information.  However in the end we believe we developed a greater understanding of some of the 
current issues in the Weight Center.  In this section we describe issues that the staff identified as well as 
potential solutions they generated.   
4.1.1.1 Issues and Areas of Improvement 
In the Weight Center, staff members pointed out a number of issues that they believe need 
attention.  One of the most prevalent issues discussed was the late arrival of both patients and staff.  
Patients arrive late mainly because of registration delays and errors.  In these situations, some providers 
stop checking for the patient to have arrived and patients usually end up waiting an additional 15 or 20 
minutes.  This can also cause some patients to leave and miss their appointments completely because 
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they are frustrated at the wait times.  The front desk is responsible for calling the nurse’s station to let 
them know a patient is ready.   This does not always happen which leads to staff in the clinic not 
knowing that a patient has been registered and is waiting in the waiting room. 
The second major problem that staff members pointed out is that they felt that clinic space is 
inadequate.  There is not enough space to accommodate all Weight Center providers in various 
disciplines at the same time or the patients in rooms (particularly when they require an procedure or 
bring family members).  Currently, the Weight Center has more providers than the number of exam 
rooms required for the clinic to run efficiently.  With this limited space, not only is it difficult to operate 
productively, but being an educational facility it is hard for the UMass care providers to try and fit 
education into their hectic visits.  Another downfall of the space limitation is the negative affect it has on 
patient perception or experience. 
Another concern was issues that arise during blood-draws.  When a patient needs blood work 
done, flow can easily be disrupted.  For example, a surgeon’s patient’s blood work is done in the room 
they are already in.  This leads to tying up resources (i.e. nurse, exam room) that can be utilized 
elsewhere.  Each patient’s type of blood work may be different; for pre-op visits, the amount of blood 
work is more complex.   Simpler blood draws like post-op visits are more common and are usually 
anticipated before the visit.   
Other minor problems pointed out included not having computers in exam rooms, patient 
appointments being scheduled too close together or too far apart, providers having to find their own 
patients, the shifting of ancillary personnel, and inefficient patient intakes taking place in the exam 
rooms.  Sometimes, the nurse-patient check-in takes longer than the care provider’s visit, and when this 
happens valuable exam room utilization is wasted.   
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4.1.1.2 Potential Solutions  
For potential solutions to the above problems, we as an industrial engineering team needed to 
evaluate the proposed solutions that address the bottlenecks pointed out in data analysis and adhere to 
goals of the Weight Center.  The simplest solution presented will always be adding more resources, 
whether it is more space, more rooms, or more staff.  More staff to assist providers and more or larger 
rooms were the most common suggestions.  However in the case of a system of patient flow, adding 
more resources may only shift the bottleneck to another resource; therefore we must find solutions that 
address the problems efficiently and productively.   
One of the ideas from the staff was that the Weight Center would function better in an office 
environment rather than the clinic environment.  Some of the providers already see patients in their 
office, but this leads to offices taking up space where another exam room could be located.  More than 
one provider suggested moving some offices to the Morgan Building, where there are already a few 
Weight Center operations.  Due to the Weight Center housing a variety of care providers (i.e. dietician, 
surgeon, Medical Director) it may flow more smoothly with not as many people trying to use the same 
space.   
Another solution the staff generated in the questionnaire involved blood draws.  Usually after a 
blood draw, patients require a second surgeon consult for reviewing the blood work, which takes up 
valuable exam room time.  Staff members feel all patients who need blood drawn should be identified 
before the visit. This way, results can be reviewed with the patient during the initial consult.  This can be 
done in a neighboring building, prior to the patient’s appointment.   
Some providers do not see the need for a patient having to register twice, sometimes three 
times if they pre-register over the phone.  This leads to another solution of being able to register either 
at central registration or at the Weight Center front desk; they should not have to do both.  Lines at the 
Weight Center front desk are very long and this is something that the providers feel must be addressed.  
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Almost all care providers pointed out that patients should be able to park their car and get into an exam 
room without undergoing the lengthy registration process. 
In addition, the scheduling of patients affects how they flow.  Some care provider’s schedules 
are managed by both central scheduling and their personal assistant; there is no one person who 
oversees this.  For example, new patient pre-opt visits, which usually take 45 minutes to an hour, could 
be scheduled back to back (1 pm and 1:15 pm) and therefore the 1:15 patient is already at least 30 
minutes behind.  Having a single person responsible for scheduling would eliminate this problem.  Also, 
Weight Center management is currently trying to reduce the time in between the date a patient 
requests an appointment and the date they actually get it; their target is 22 days.  Reaching this goal 
may allow the Weight Center to manage the capacity of patients which will certainly have an effect on 
flow.  Lastly, providers pointed out that better patient-to-staff and staff-to-staff communication about 
appointments could be helpful.   
All of these suggestions are useful since they come from the frontline staff who deal with the 
problems every day.  Also their input will make them more likely to accept changes recommended for 
the Weight Center.  Balancing the trade-off between solutions that will provide the best results and the 
feasibility of these solutions would be important when consulting with staff on what ideas they would 
like to try in order to improve patient flow.   
4.1.2 Patient Satisfaction Scores 
 The Weight Center along with all UMass hospitals provide patients with voluntary satisfaction 
surveys to fill out after each visit.  The information taken from these surveys may help to identify areas 
that are in need of improvement.  We were able to obtain patient satisfaction scores from 2008, 
specifically comparing the first three months of the year.  These scores are evidence that the 
registration processes along with waiting to get into an exam room are both areas of concern for the 
Weight Center.  During the time the scores were taken, the mean satisfaction score of the speed of the 
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registration process dropped 18.21 %.  The satisfaction score for the wait before getting into an exam 
room rose 9.25%, but was still under the targeted value.  These processes have not changed since these 
scores were recorded, and therefore we can assume that similar scores would be given for each today.  
Keeping a critical eye on these processes in our in-clinic observations have assisted us in identifying 
problem areas as well as suggesting solutions for improving patient satisfaction related to waiting. 
4.2 In-Clinic Observations  
Our MQP team observed the Weight Center from January 5th-7th 2010.  We saw a total of 117 
patients enter the clinic and receive care.  We performed time studies at the front desk for one day (two 
sessions) and in the entire clinic for three days (six sessions).  During these sessions we saw the front 
desk staff, nurses, the Medical Director, bariatric surgeons, NP’s, fellows, residents, the dietician, the 
nutritionist, and the psychologist.  In order to separate the process times, we developed three separate 
tracks to group patients that have a similar flow during their appointments.  These tracks include the 
Medical Director track, the surgeon track, and the behavior medicine track.  The Medical Director track 
includes the patients who saw the Medical Director.  The surgeon track incorporates patients who have 
appointments with a bariatric surgeon or see the nurse practitioner.   And finally, the Behavioral 
Medicine track included the dietician, nutritionist, and psychologist patients.  We were able to ask 
administrative staff and care providers any questions about current flow while we examined the clinic.  
This next section is going to explain how we interpreted the process times we gathered. 
4.2.1 Process Times 
 Through direct observation of patients at the Weight Center, we have recorded the length of 
time for each process over the course of 117 different patient visits.  The most effective way to portray 
process time data is through histograms.  The purpose of a histogram is to capture the raw distribution 
of data by showing the frequency of each possible value in a set of data.  The data we have collected for 
each process in each track at the Weight Center can be portrayed using this method.  Although it is 
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possible to calculate average process times from data alone, we cannot make any useful conclusions 
about flow from this information.  Later when we build the simulation model, it will be crucial to 
understand variability in the data and what patterns of frequency that each process is likely to fall 
under.  Histograms allow us to visually and mathematically determine an accurate probability 
distribution for the sets of data we have collected. 
The first process we examined was the time required for the patient to be weighed, which is the 
fastest value added process in the Weight Center.  There seemed to be no distinction whether the 
patient is weighed by the nurse, psychologist, nutritionist or dietician so it is possible to consider the 
data from the surgeon, MD and behavioral medicine tracks as the same process which allows for more 
accurate results because of the larger sample size.  The average length of this process is about one 
minute, as shown in Figure 2.  The extreme values occurred most frequently when the patient is in a 
wheelchair or would visit the restroom before being weighed.  While these instances are rare, they do 
occur often enough to skew the average and must be considered in the statistical distribution. 
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Although nurse consults occur in both the surgeon track and MD track, we specifically refer to 
the former when using this term.  The process begins at the point the patient is taken into an 
examination room by the nurse and ends when the nurse leaves the room for the care provider. During 
this time, the role of the nurse is to facilitate patient registration and to take the patient’s vitals.  With 
over sixty patients in the surgeon track who had a nurse consult, we have a good amount of data to 
discern patterns from.  The process distribution is shown in Figure 3. 
 
Figure 3- Time for Nurse Consult 
 We observed the greatest range in process times for the surgeon consult, see Figure 4.  This 
process is defined as the duration of face time a surgeon track patient spends with a care provider.  This 
leads to numerous complexities because sometimes a patient will be seen by the nurse practitioner or 
fellow who will then leave the room and later the surgeon will examine the patient.  Although there may 
be a significant period where there is no direct face time with a care provider, exam room resources are 
still being utilized by the patient.  The histogram shows that although the majority of data points fall into 
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Figure 4- Time for Bariatric Surgeon Consult 
 The behavioral medicine consult (see Figure 5) encompasses any patient visits with the 
psychologist, nutritionist or dietician.  Despite similar appointment times, the time required for each of 
these processes has a broad range from patient to patient.  There was little apparent variability between 
the three services so assuming that they are a single process is reasonable.  Aggregating these visit types 
allowed us to have more data points so a more precise probability distribution could be generated, but 
separate distributions could also be modeled with more data. 
 
Figure 5- Time for Behavioral Medicine Professional Consult 
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 The nurse consult for patients in the MD track is very similar to nurse consults in the surgeon 
track.  The nurse goes through much of the same procedure by registering the patient and taking his or 
her vitals, the only addition is that a photograph of the patient needs to be taken.  This provided enough 
of a difference that the two nurse consult processes were separated.  Over our entire observation 
period, we only saw fifteen patients in the MD track so our data sample is small, see Figure 6.   
 
Figure 6- Time for Nurse Consult for Medical Director Patients 
The final process we evaluated was the MD consult (see Figure 7), which, unlike the surgeon 
consult in the surgeon track, is primarily for first time Weight Center patients.  Each patient 
appointment for the MD consult is scheduled for sixty minutes but in practice these sessions were 
usually much shorter.  As mentioned above, we only saw fifteen patients in the MD track so it is possible 
that a larger sample would show a different pattern.  A cursory glance at the histogram shows that the 
majority of patients had short visits with a cluster of long visits.  Very few were in the middle which 
makes the task of determining a probability function more complex. 
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Figure 7- Time for Medical Director Consult 
Table 2 summarizes the observational data described this section by highlighting important 
statistical information including means, minimums, maximums and standard deviations.  
 Mean Min Max Std Dev 
Weigh-in 1.2 min 0 min 6 min 1 min 
Nurse Consult 6 min 2 min 13 min 2.6 min 
Surgeon Consult 19 min 2 min 65 min 14.6 min 
BM Consult 27 min 10 min 57 min 11.3 min 
MD Nurse Consult 6 min 3 min 13 min 2.5 min 
MD Consult 26 min 16 min 47 min 11.2 min 
Table 2- Observed Process Time Statistics 
 
4.2.2 Encounter Forms 
As stated in Section 3.2.1, encounter forms provided us with important data to analyze 
regarding arrival rates of patients.  From these forms, we obtained the distribution of time intervals 
between each arrival.  This interval is more commonly referred to as an inter-arrival time.  Inter-arrival 
times, shown in Figure 8, supplement our research by providing information to put into the simulation 
that reflects actual patient flow.  The encounter forms allow us to have a validated measure of patient 
activity when they first enter the clinic.   
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Figure 8- Time In Between Patient Arrivals 
4.2.3 Discussion 
 After observing a total of 783 different process elements across 117 patients, this vast wealth of 
raw data was translated into a more useful form to support our analysis of patient flow.  We used 
observed process times to calculate numerous factors related to flow including utilization, value and 
non-value added times, average process times, and patient length of stay.   
Figure 9 summarizes the average process times.  These times were higher for the Medical 
Director which is logical considering the MD sees patients for a longer period of time.  This can cause 
longer times due to patients being unfamiliar with the routine when they enter the clinic, patients 
asking questions, and the consult requiring more time to understand the patient’s background.  
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Both the surgeon and MD track percentage of value added time is approximately 70% (see 
Figure 10).    The percentage of non-value added time is approximately 30%.  We defined value added 
time as the amount of time the care provider spends face-to-face with the patient.  Non value added 
time is considered any time the care provider is not spent physically with the patient.  The data does not 
include any time that the care providers spend doing paper work or other tasks that are associated with 
a patients appointment but not done when they are with the patient.  It would be beneficial for the 
Weight Center to gain a better understanding of how much of the value added time is face time and 
how much is doing administrative tasks pre or post appointment.    
 
Figure 10- Value Added and Non-Value Added Time 
Figure 11 is a comparison of overall length of stay between the three patient tracks.  Figures 12 
and 13 depict the fraction of time patients spend on average in each process within the Weight Center 
while visiting a surgeon or MD.  Graphically it shows holistically on average how much of a patients visit 
is spent being weighed, being examined by the nurse, surgeon or MD, and finally the percentage of non-
value added time.  When looked at from this perspective it seems that the amount of time spent idle or 
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patients in each track in the Weight Center on a given day.  The bariatric surgeon sees more than half of 
all patients in the clinic, whereas the MD patients consist of only 12.8%.  The remaining patients are in 
the behavioral medicine track. 
 
Figure 11- Average Length of Stay 
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Figure 13- Allocation of Patient Time in Medical Director Track 
 
 
Figure 14 - Percentage of Type of Patient Visits in Weight Center 
Once we started doing preliminary data analysis we were able to compare our data with some 
industry standards.  According to University of Massachusetts physician standards the surgeons should 
be utilized 60 percent of their time in the clinic, meaning during a clinical session, 60% of the physician’s 
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utilized 45.9% of the time, meaning that on average they are in an exam room with a patient 45.9% of 
the time.  The Medical Director has a utilization rate of 26% which is well below the standard, but can be 
explained by the multiple other duties this person is responsible for.  The 26% utilization rate was 
obtained strictly from patient face time.  The low Medical Director utilization can be explained by time 
doing paperwork in the office, or other administrative duties which don’t involve face time, such as 
determining the patient’s future plans and visits.  In addition to care providers, exam rooms also have a 
standard utilization rate that hospitals aim to achieve, 65%.  After observing the clinic we determined 
that the exam rooms are being utilized 59% for the surgeon track, and 45.6% for the Medical Director 
track.   The exams rooms’ utilization rate is close to the standard which suggests that the resource is 
being properly utilized.  On the other hand, this could mean that if the volume of patients increases, 
there will not be enough of these resources to satisfy the needs of a growing clinic. 
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5. Process Improvement Using Lean Methods 
 In order to apply the lean model of process improvement to the data collected, we began by 
developing Value Stream Maps for each patient type.  We then built box plots to illustrate variability in 
process times.  Using the information gathered from these, we conducted a thorough flow analysis 
where we isolated the primary areas of concern in the clinic and listed potential solutions to them.  We 
used information from the follow-up survey to verify the accuracy of this analysis and finally created 
Future State Maps to serve as a goal for flow the Weight Center should aspire to achieve. 
5.1 Value Stream Mapping 
 Value Stream Maps are useful in healthcare because they highlight areas of concern and provide 
opportunity to focus on problem-solving resources (Jimmerson, 2010).  We used VSM to illustrate the 
current state of the Weight Center with regards to patient flow.  From this we identified areas for 
improvement that are rooted in the process that may not have been visible at first glance.  This 
information can help educate staff, improve patient satisfaction, eliminate waste, and meet goals.   
“VSMs are created from a combination of historical knowledge and direct observation” (Jimmerson, 
2010).  Obtaining process time and information from front line staff is one way we gained historical 
knowledge.  We used direct observations in the form of hospital encounter forms and actual patient 
flow study to validate preliminary observations.  
5.1.1 Formulation 
 When we constructed the actual Value Stream Maps to depict patient flow, we first determined 
how many maps we would need and what each of them should show.  This was based on the different 
types of patients the Weight Center serves. More specifically, each possible path a patient takes must 
have its own VSM.  To reduce the number of maps we needed, we aggregated some of these paths 
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 We chose to separate all patients into three tracks: the surgeon track, the Medical Director track 
and the behavioral medicine track.  Each of these is based on the type of care provider the patient has 
an appointment with.  The first two tracks are for patients who see a bariatric surgeon or the Medical 
Director.  The behavioral medicine track, on the other hand, encompasses patients who see the 
psychologist, dietician, or nutritionist.  Patients who see any of these providers follow similar processes 
with similar cycle times so it is possible to consider them as a single track because any points of 
improvement would most likely be in common. 
 After establishing patient types, we began to build the VSMs.  Each track was broken down into 
a few integral processes based primarily on the resources needed.  For example, we grouped when a 
nurse takes a patient’s height and weight and then takes his or her vitals together into a single process 
called nurse consult.  These processes must all be value added activities to distinguish them from non-
value added ones.  We needed to know this to determine the total amount of value added time in the 
overall process and the time which considered as waste. 
 Next we included process times in the map.  The source for this information was clinic 
observation which was corroborated by staff questionnaires.  Since most of these times vary from 
patient to patient, we have included a higher limit, a lower limit and an average time for each process.  
The range and variance of times was important in understanding problems later on.  Adding together 
the process times and the waiting times yields the total value added time, non-value added time, and 
length of stay.  Using this, we determined what percentage of the entire process is waste. 
 In addition to knowing the between-process times, we also depicted their nature.  We did this 
by including signal Kanbans.  In manufacturing, a Kanban signifies a point where inventory moves to the 
next process when it is signaled to do so (Tapping, Luyster, & Shuker, 2002).  In terms of the Weight 
Center, “inventory” is equivalent to patients so it would show the points where a patient has to wait to 
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be called to the next process rather than immediately go to it.  Kanbans show where queues have the 
possibility of forming if the resources required for the next process in the track are preoccupied. 
 The final components of the Value Stream Maps are kaizen bursts.  Kaizen simply means the 
elimination of waste, which is the entire focus of Lean (Tapping, Luyster, & Shuker, 2002).  More 
broadly, kaizen bursts refer to any areas of improvement that require attention.  We have pinpointed 
these bursts based on the responses from our staff questionnaires and highlighted them in each VSM 
where they occur.  These are the primary focal points of our attention because they show where most 
issues are perceived to be.  Using this information along with value added times, non-value added times, 
variance, and kanbans, we have gained a thorough understanding of the main problems plaguing the 
Weight Center and where solutions should be directed. 
5.1.2 VSM Processes 
The Value Stream Maps for the patient tracks are shown in Figure 16, Figure 17 and Figure 18.  
Each process is briefly described and has a data table associated with it listing the high, low and average 
cycle times as well as uptime.  The cycle times are based on observed data and validated by staff 
questionnaires and then using simulation.  Uptime was calculated by determining what percentage of 
the total time available in one day was dedicated to that process by each resource.  For example, we 
have taken the number of patients who see a surgeon in a day and divided it by the number of surgeons 
present to calculate the number of patients each surgeon sees on average.  Taking the mean number of 
patient visits per surgeon over three days of observation yielded an accurate average of daily surgeon 
consults.  Multiplying by the process time gives us the total amount of time surgeons spend on consults, 
which, when taken as a percentage of time available in a day, indicates uptime for that process. 
Similarly, the high, low and average times in between processes can be found through direct 
observation.  The average cycle times and wait times are shown below the processes with the total 
value and non-value added times and percentages listed on the far right corner.  Above this is the Takt 
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time, which is essentially the rate at which a patient should go through each track in minutes to ensure 
each patient can be seen.  Takt time is determined by taking the total time available and dividing by the 
average volume of each patient type on any given day.  Although many process times can vary greatly, 
the clinic does not distinguish between different lengths of stay because they generally schedule the 
same appointment lengths for patients seeing the same care provider.  Therefore, it is reasonable to 
assume that taking the average inflow of patients per day during our observation period is an adequate 
estimate of daily volume.  Knowing the Takt time indicates how fast each step in the process must 
operate in order to meet its desired throughput. 
 The kaizen bursts, indicated by the jagged yellow shapes on the Value Stream Maps, are not as 
easily quantifiable but just as important as a measure of system performance.  These have been taken 
from the staff questionnaires as well as the hospital’s own patient satisfaction surveys.  Wherever there 
is a recurring mention of an issue by care providers, nurses or patients, there is a kaizen burst to 
highlight certain aspects that the improvements should address.  For the most part, similar problems 
were brought to our attention in each of the three tracks.  Specifically, improving the speed of 
registration and blood work seems to be of concern for many of the care providers.  Registration was 
also a focal point for the patient’s experience as well.  In addition to that, the surgeons and Medical 
Director expressed a need for more space, which is also depicted as a burst in those two VSMs.  With all 
this information effectively integrated into these diagrams, addressing the solutions to them becomes a 































































































































































































































































































































































































































































































































































































































































































































































































Figure 16- Value Stream Map for Surgeon Track 
 
 

























































































































































































































































































































































































































































































































































































































































































































































































Figure 17- Value Stream Map for Medical Director Track 
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Figure 18- Value Stream Map for Behavioral Medicine Track 
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5.1.3 Implications of VSMs 
 The completed Value Stream Maps reveal a great deal about what needs to be improved.  The 
difference between Takt time and cycle times can identify process steps where there is potential for 
patient backlog to accumulate and cause the system to run inefficiently.  For example, in Figure 16 the 
Takt time for the surgeon track is 23.2 minutes.  This is a reasonable rate to achieve if all processes clock 
in at or below their average cycle times.  However, the surgeon consult, while averaging 19 minutes, has 
the possibility of lasting up to 65 minutes.  If one patient takes 65 minutes to go through this step, the 
necessary Takt time is not maintained and other patients need to wait.  Therefore we concluded it 
would be beneficial to delve deeper into why a surgeon consult may go on for so long.  Similar issues 
arise in the behavioral medicine track where Takt time is 36 minutes but a behavioral consult can last up 
to 57 minutes. 
 Kaizen bursts also illuminate areas of improvement regarding the overall sequence of processes.  
This is important because raw mathematical data may not have shown this issue, but the first hand 
experience provided by staff and patients can read between those lines and reveal problems that an 
outsider may not be able to perceive.  For example, blood work is relatively fast in comparison to some 
of the other processes, but if those directly involved think it requires attention, it probably can be 
improved.  The cycle time for blood work in each track, shown in Figures 16 to 18, is below Takt time so 
a numerical comparison would never have shown us that an issue exists. 
 Knowing where the potential areas of improvement are allows us to develop and utilize the 
simulation model to resolve them.  This can be done after a Future State Map is developed.  The Future 
State Map should incorporate the targets as determined by the Weight Center staff and should serve as 
a goal that the simulation model should strive to emulate.  Since the simulation is more detailed than 
the VSMs, we will be able to adjust times on processes that fall within the scope of some of the 
processes shown in the map.  This way, it can be possible to isolate specific changes that lead to 
improvement.  The simulation can also test those changes and see if the effects match the desired 
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objectives of the Future State Maps.  If the simulation experiments and Future State Maps do not align 
in outcome, then the potential changes need to be reevaluated.  This is very useful because the model 
could show what changes would be most effective before they are implemented in the real world, 
reducing the need for a trial-and-error process in maximizing flow efficiency.  
The box plot in Figure 19 summarizes the process times we observed for the surgeon track.  The 
lines represent the maximum and minimum times while the shaded box shows the times between the 
25th and 75th percentile.  Exactly 50% of observed times including the mean are within the box so they 
provide a good depiction of the times that are most likely to occur.  However, the upper and lower limits 
shown by the lines, while rare, cannot be ignored.  The Takt time for the track is indicted by the dotted 
horizontal line. 
 
Figure 19- Box Plot for Surgeon Track 
For the surgeon track, the majority of process times fall below the Takt time.  As long as the 
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surgeon consult, however, has a maximum value which far exceeds Takt time.  Although this applies to 
less than 25% of patients, the graph highlights areas where improvement should be targeted. 
A similar graph for the behavioral medicine track is shown in Figure 20.  Once again, the care 
provider consult experiences similar issues where the majority of cases are below the Takt time but a 
significant minority do not.  Slightly over a quarter of patients run the risk of slowing the entire track 
down since the Takt time line crosses the top of the behavioral medicine consult.  Therefore, it is an area 
of concern for the Weight Center to continue running efficiently. 
 
 
Figure 20- Box Plot for Behavioral Medicine Track 
The MD track, on the other hand, does not face this problem.  As shown in Figure 21, none of 
the processes come close to exceeding Takt time.  This suggests that it is not as crucial to focus on 
improving this track as it is to focus on the tracks above.  However, it is again important to note that the 
information for this track is based on the smallest data sample size, which implies that it is also the least 
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Despite this, there is a significant difference between Takt time and the maximum observed consult so 
chances are that even if a consult falls outside the range we observed it will not cause any issues. 
 
 
Figure 21- Box Plot for MD Track 
5.2 Flow Analysis 
 In our analysis of patient flow, we divided the areas of concern determined from the kaizen 
bursts in Figures 16, 17 and 18 into four groups: facility layout, administration, staff and patients.  
Although these issues ultimately impact the patients, the groups categorize the source of the bursts so it 
is easy to identify where solutions should be targeted. 
5.2.1 Facility Layout 
 The clinic had multiple issues with the facility layout that were identified during the observation 
period.  The most prominent issues included having too few exam rooms, congestion at the scale, and 
having to use the exam rooms for blood draws.   
5.2.1.1 Insufficient Exam Rooms 
There are four exam rooms in the clinic that have to accommodate the Weight Center patients.  
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becomes an issue being able to accommodate each patient in the time their appointment was scheduled 
for.  During our observation sessions, we witnessed numerous incidences when this occurred.  This issue 
affects the staff and the patients within the clinic.  It impacts the stakeholders by creating longer patient 
wait times, decreasing overall room utilization and causing the RN to wait for the room to be cleaned.  
Proposed solutions include: 
 Assigning an extra exam room(s) to Weight Center exclusively 
 Enforcing a stricter late arrival policy 
 Ensuring there is enough room to satisfy patient demands if the clinic is moved to an 
offsite location  
5.2.1.2 Congestion at Scale 
There is one scale in the clinic that is used to weigh each patient when they enter for their 
appointment.   This can cause a delay in getting patients to their exam room during busy times.  This 
becomes a larger issue when patients come in for skills groups meetings.  This occurs about once a week 
and at this time a large number of patients have to enter the clinic and get weighed to then proceed to 
their meeting in a different section of the hospital.  It creates a back up at the scale which is normally 
used for Weight Center exam room patients.  It also increases waiting time for nurses and patients since 
patients have to travel out of their way to use the scale before their skills session. 
Proposed solutions include: 
 Having a scale and other administrative necessities available at skills group location 
 Designating a certain time frame for skills group weighing (i.e. before clinic opens, 
during lunch) 
5.2.1.3 Blood Draws Occupying Exam Rooms 
Not having a separate area to perform blood work can slow down the turnover of patients in the 
exam rooms.  Currently all blood work is performed in the exam rooms by the nurse staff but if blood 
work needs to be done prior to the appointment patients have to wait until they enter their 
appointment to get the work done.  This issue negatively impacts the flow of the Weight Center 
approximately three times per day because the clinic has exam rooms that are needed for arriving 
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patients which are occupied and nurse’s duties are delayed.  It also can cause delays in the other clinics 
when the Weight Center patients have to be accommodated in surrounding clinics exam rooms. 
Proposed solutions include: 
 Having all blood draws prior to exam 
 Dedicate space used exclusively for blood draws 
5.2.2 Administrative 
 The front desk played a significant role in getting patients into and out of the clinic efficiently.  
Most of the scheduling and clerical needs were handled by the administrative personnel.  Some issues 
we found with the front desk included patients who needed a translator not being able to access one 
immediately, and patients having to register two separate times before their appointment.  
5.2.2.1 Translator Arrival Delays 
If a patient speaks a foreign language a translator is brought in to assist the communication 
between the care provider and the patient.   One consequence of waiting for a patient to have the 
translator in the room is that the patients and care providers may be idle while waiting for the translator 
to arrive.  This leads to room utilization decreasing. 
Proposed solutions include: 
 Adding phones in exam rooms so that translators can be utilized even if they aren’t 
physically present 
 Avoiding scheduling multiple patients whom require translators at the same time 
5.2.2.2 Double Registration Requirement 
When a patient enters the hospital for a scheduled appointment they have to register at two 
different locations, one being outside of the clinic.  This can be inconvenient to patients and causes 
them to have longer weight times and longer lengths of stay.  It can also lead to appointment back-ups 
after a few patients get delayed in the registration process. 
Proposed solution: 
 Requiring patients to only register once 
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5.2.3 Staff 
It is very important that the three levels of staff across the clinic communicate and work 
together to have the clinic run efficiently.  This includes the administrative staff, nurses, and care 
providers.  Staff-related issues included patients being put in exam rooms when the appointment was a 
brief consult that did not need to occupy an exam room, miscommunication between front desk and 
staff about patients in the waiting area, and surgeons not knowing which room/patient to see first. 
5.2.3.1 Short Consults 
Eleven percent of the visits we observed were short visits where the surgeon consult takes less 
than or equal time than the nurse consult.  This can occur when patients come in to discuss side effects 
or to simply touch base with a care provider.  These patients use the same exam rooms that are used for 
longer appointments and cause potential wasted room utilization. 
Proposed solution: 
 Having surgeon be responsible for check-in duties for short visit patients 
 Scheduling short visit patients accordingly 
5.2.3.2 Miscommunication between Front Desk and Staff  
The front desk notifies the nurses that a patient is ready for their appointment by calling a 
phone that is at the nurses’ station.  However, if the nurses are occupied with patients or not within ear 
shot of the phone they can take longer than necessary to realize there are patients in the waiting room.  
Also, there are times when the front desk personnel call the wrong clinic so patients are idle in the 
waiting room for longer than needed. 
Proposed solution:  
 Developing a more efficient and error-free way of alerting RN staff that patients are in 
waiting room such an electronic database system 
5.2.4 Patient 
The patients are part of the reason that hospitals strive for high efficiency.  Patient satisfaction is 
the ultimate metric for determining if processes are efficient.  But in some cases the patients can cause 
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processes to slow down due to their lack of understanding of where to check-in, and where to check-
out.   
5.2.4.1 Unclear Checkout Location 
When patients are finished with their appointments and checking out to make another 
appointment there are two locations where they need to go to reschedule different types of 
appointments.  Sometimes a patient will wait a considerable amount of time to reschedule an 
appointment to then find that they were waiting at the wrong check-out location.  This frustrates both 
the front desk staff and the patients. 
Proposed Solutions: 
 Care providers instructing patient as to which desk to check out at 
 Allowing patients to check out or reschedule appointment at any desk 
 Having one desk handling Weight Center check outs 
5.2.4.2 Late Arrivals 
Patients’ late arrival can cause the Weight Center to be backed up for hours.  Sometimes the 
late arrival is due to not knowing where to register when they come into the clinic or not realizing that 
they have to register twice.  But when the Weight Center accommodates late patients it leads to longer 
wait times for other patients and increased lengths of stay.   
Proposed Solutions: 
 Sending reminder message to patients – “Show up X minutes before your appointment 
to ensure you are seen on time” 
 Having stricter late arrival policy 
 Making known to patients that parking may be time consuming 
5.2.5 Solutions Currently Implemented 
 After we observed its operations, the Weight Center implemented AllScripts, a form of 
electronic medical record software.  Because of this implementation, computers were added to each 
exam room.  Benefits of this software include: 
 Being able to write a prescription online 
 Having medical records available in the room with the patient 
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 Knowing where patients are located within the clinic 
 Identifying which patient should be seen next 
 
In addition to this phones were added to select exam rooms which expedited the translation process in 
some cases.  These changes to the clinic should have an effect on flow however, it is uncertain if it will 
be a positive or negative impact.   
5.3 Follow-up Survey 
 The solutions discussed in the previous section were based primarily on the first staff survey and 
our own observations.  In the follow-up survey we shared these results with the staff to see their 
feedback.  The number of completed surveys returned to us was not ideal. However the quality of the 
responses obtained provided relevant information.  We received completed surveys from 6 Weight 
Center staff members: 1 from the MD group, 2 bariatric surgeons, 2 nursing staff members, and 1 from 
the behavioral medicine group.  The following section describes what type of information our survey 
gave us regarding the problems and solutions previously identified.   
 The first topic from the survey involved the addition of computers in exam rooms.  Out of the 6 
surveys, 4 people agreed that not being able to view medical records in the room was a problem, and 
only 3 of them felt that adding a computer was effective.  The use of this computer is not limited to 
viewing medical records because they can be used to determine a patient’s location.  The process of 
using Allscripts was seen negatively by one respondent who disagreed with adding computers and also 
made a comment about how this lengthens an appointment.  However, by lengthening the amount of 
time spent with the care provider and decreasing the amount of in-exam-room work completed by the 
nursing staff, patient satisfaction may increase.   
 As with any survey, it is the questions that are answered unanimously which draw the most 
attention.  As expected, everyone agreed that there were not enough exam rooms and that adding 
another exam room would be effective.  However, no one agreed that a stricter late arrival policy would 
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help, suggesting that it is the staff’s feeling that space, not function, plays the largest role in patient flow 
in the Weight Center.   
Respondents also unanimously agreed that the registration process and late patient arrivals are 
problems.  However only 4 respondents felt that being able to register at just one location would be 
effective and solutions for late arrivals were mixed.  Few agreed on a stricter late arrival policy or 
messages to patients about delays.  Disagreement with these solutions is supported by what we have 
been identifying as a major factor in our simulation: variability.  A message to patients about when they 
should arrive is not something that can be controlled, meaning there is substantial variability in a 
patient’s travel and walk to the Weight Center that can have an effect on how late a patient arrives.  
Therefore, instead of focusing attention on patient procedure prior to their visit, the Weight Center 
should consider making internal changes.  This could include altering the registration process.  Patients 
will still arrive late, but the lateness of their arrival can be controlled somewhat by reducing the amount 
of non-value time spent registering.  
 Lastly, every respondent agreed that shorter visits are inefficient and waste valuable exam 
room time.  However, the proposed solutions were not fully accepted.  None of the respondents agreed 
that surgeons doing patient intakes as a part of the visit would save time and remedy flow, and only 2 
agreed that better workload leveling would help.  That being said, we fell it would be beneficial for the 
clinic to look into how patients are currently scheduled, and possibly test how scheduling similar timed 
appointments together would affect flow.   
Our first staff survey had given an initial look into the Weight Center, and after our observations, 
data analysis, and this follow-up survey, we acquired comprehensive knowledge of the patient flow 
issues that should be addressed.  The follow-up surveys provided yet another tool to support possible 
areas of improvement.  Adding computers to rooms will likely take time to have a positive effect on 
flow, but it is evident that it will be a step in the right direction.  In addition, an extra exam room was 
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something that came up in every aspect of our data collection, and it is obvious that this is something 
the Weight Center must address in the future.  When looking at all the areas of improvement 
acknowledged by the staff, it can be argued that the addition of an exam room would at least somewhat 
improve, if not solve, each of the identified problems.  From here, we applied what we learned to 
develop objectives the clinic should pursue for process improvement. 
5.4 Future State Map 
 The problems described in Sections 5.2 and 5.3 highlight potential areas of improvement in the 
Weight Center, and the suggested solutions provide a means of achieving more effective flow.  Given 
the wide variety of topics that need to be considered, it may be difficult to form a mental depiction of 
what the clinic will be like if these solutions were implemented.  A useful tool for consolidating this 
information into an easily understandable visual medium is a Future State Map.  A Future State Map is 
essentially a Value Stream Map that incorporates proposed solutions to show flow through the Weight 
Center once the issues under scrutiny are resolved. We developed a Future State Map for each of our 
VSMs to visualize the impact of the potential improvements that may occur.  
 The Future State Map for the surgeon track is in Figure 22.  If the proposed solutions are 
successful in alleviating the clinic’s problems, the Kaizen bursts can be eliminated. Most of these 
solutions do not alter patient flow so most of the map remains the same.  One key addition is electronic 
information flow which is signified by jagged arrows.  This is the result of better communication 
between staff and thus the map must depict how information must be exchanged from one process to 
another.  Other than that, we assumed that the maximum process time for the surgeon consult would 
decrease by 50%.  It is desirable for all process times to fall below Takt time but this is not a feasible 
target for this consult.  Still, it is reasonable to strive for a 50% decrease because from our observations 
we have seen that time during long consults is frequently wasted.  Also, the solutions should allow the 
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other processes to run more efficiently so the maximum times for the check in, nurse consult, blood 
work and checkout were decreased as well. 
 The behavioral medicine track in Figure 23, has many of the same changes made as the surgeon 
track.  Electronic information flow between processes has been added and the behavioral medicine 
consult time has been lowered by 25%.  Again, it would be preferable for this to decrease below Takt 
time but this is a more expectable outcome.  The check in and checkout processes are shared with the 
surgeon track so the times for these will also go down.  Aside from this, very few of the solutions are 
targeted directly at patients and care providers in this track so any other significant impact is not likely 
to occur. 
 Finally, we have the Future State Map for the MD track.  As can be seen in Figure 24 the addition 
of electric information flow is now included in the map.  As mentioned above, this track requires the 
least attention in terms of improvement because process times currently fall well below Takt time.  
Although we do not need to address the problems in the MD track for capacity to satisfy demand, kaizen 
bursts can be removed and process times can be lowered as a result of changes crucial to the other 
tracks.  Check in and checkout occur in all three tracks and any benefits to the nurse consult and blood 
work in the surgeon track are likely to be received by the same processes in the MD track. 
Once the real conditions of the clinic match the Future State Map, we can know that the 
problems we have outlined are no longer a significant issue or have been removed entirely.  It is 
important to note that at this point we cannot know the full extent of the impact of our proposed 
solutions with certainty and thus the numerical values we present should serve as a goal for the Weight 
Center rather than a concrete prediction of the future.  Many of these will need to actually be 
implemented to understand just how beneficial they are.  However, it would be extremely useful to gain 
some insight as to how the whole system would really be affected if possible.  This is where simulation 
can play a crucial role. 
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Figure 24- Future State Map for MD Track  
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6. Simulation Modeling and Analysis 
 Before beginning the modeling process, it is important to understand the potential benefits it 
may have for the Weight Center.  After a brief overview of the components behind simulation in Arena, 
we translated the observational data into inputs used by the model.  Next we constructed the model 
itself and proceeded to validate and verify its accuracy.  Once this was completed, we finalized the 
simulation process by testing potential changes in the clinic and analyzing the results. 
6.1 Value of Simulation for Weight Center 
 Simulation can be a valuable tool in almost any flow-oriented situation.  In particular, it provides 
an accessible and easy to understand visual representation of how the Weight Center functions.  An 
animated model can show the interaction between patients, nurses, and care providers at any time and 
place in the clinic.  If the Weight Center staff sees the simulation performing their daily tasks, they may 
gain a better perspective of how their individual actions play a role in the system as a whole.  With a 
better understanding of the clinic, the staff members may even become more productive since they will 
be more aware of what those in other positions do as well.  Also, it is likely that the staff will be more 
adaptive to changes if they can actually see the benefits instead of being forced to accept them with 
little or no explanation. 
In addition to animation, simulation can be very helpful in decision making for process 
improvement.   For the Weight Center, a number of the solutions we described in section 5.2 can be 
tested to predict the impact they would have.  Performance metrics such as utilization, value added 
time, non-value added time and total length of stay can be compared between a base run of present 
clinic processes to a modified model that reflects one or more of these solutions.  These statistics reveal 
not only if the solutions are effective but also to what degree, which is helpful in understanding changes 
that have the greatest benefits overall. 
 Within the simulation, adding or removing any clinic resource or modifying patient flow is 
straightforward.  However, any improvement that changes the length of time for one or more processes 
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cannot be tested because it is not possible to know just how a solution will affect process times.  Even 
so, simulation can still be useful because it can isolate the areas where process improvement would 
yield the best results for the entire system.  This can allow us to focus on solutions which improve 
processes that could potentially benefit the Weight Center the most.  Although we cannot know the 
exact results without knowing just how a solution affects process time, we can still make decisions as to 
which specific processes to target first. 
6.2 Elements of Simulation in Arena 
To begin modeling in Arena we must translate real life process elements into Arena 
components.  There are seven main components to an Arena model that we need to consider: entities, 
attributes, global variables, resources, queues, statistical accumulators, and events (Kelton, Sadowski, & 
Sturrock, 2007).  The following is a breakdown of each that details how they are related to actual clinic 
operations: 
 Entities are the physical bodies entering the system, undergoing certain processes, and finally 
leaving the system (Kelton, Sadowski, & Sturrock, 2007).  For the Weight Center, this would be 
the patients admitted.   
 Attributes are assigned to the entities, which determine the various types of entities in the 
system (Kelton, Sadowski, & Sturrock, 2007).  Examples would include attributes that describe 
each patient’s condition and consequently which patient track they belong to.   
 Global variables pertain to the system as a whole.  This would include factors such as service 
time, travel time and length of shifts (Kelton, Sadowski, & Sturrock, 2007).  For the Weight 
Center, this is where we would consider the hours of operation as well as other aspects that 
reflect the clinic as a whole.   
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 Resources are units that an entity seizes for a certain process and then releases for other entities 
(Kelton, Sadowski, & Sturrock, 2007).  These would include care providers, nurses, examination 
rooms, and the check in and reception desks.  
 Queues determine the course of action for an entity when it is awaiting its next process (Kelton, 
Sadowski, & Sturrock, 2007).  This would simply tell a patient to wait for their next process 
rather than undergo a separate process in the mean time. 
 Statistical accumulators are quantitative measures of the system (Kelton, Sadowski, & Sturrock, 
2007).  In our system, patient queues would need to be gauged by statistical accumulators to 
determine patient wait times, utilizations, and value and non-value added times which are some 
of the critical issues we are attempting to address.   
 Events serve as a cornerstone to the actual clinic processes.  This would include the specific 
tasks each patient must undergo (Kelton, Sadowski, & Sturrock, 2007).  Essentially, this includes 
the processes in each track including registration, weigh-ins, and consults.  
Once we understand how all these components play into the Weight Center, we can incorporate our 
real world data into the model and perform analysis. 
6.3 Input Analysis 
The histograms in Section 4.2.1 form a discrete probability distribution by quantifying the 
accumulation of time needed for each process that we observed and the accumulation of differences in 
arrival times.  In the real world, however, time is not discrete so we need to calculate the most accurate 
continuous probability distribution for process and arrival rates so that we are able to determine the 
probability of the times that are likely to occur.   
In order to mathematically do this, we used the Input Analyzer function in Arena.  The Input 
Analyzer takes data in text format, and performs statistical measures on that data to find information 
such as mean, median, mode, and standard deviation.  It also fits data to distributions in order to use 
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that information in simulation.  If the distribution of data is uncertain, Arena can match it to all 
distributions, and show the one that has the lowest mean error.  The analyzer also provides a histogram 
of the data, and a theoretical line of how the specified distribution fits to the data.    
6.3.1 Process Time Probability Distributions 
We fit various standard continuous distributions to the data collected in the clinic including 
normal distribution, Erlang distribution, exponential distribution and Weibull distribution.  The primary 
basis for selecting the most accurate distribution was minimizing square error, which suggests that it is 
the closest match to the data we collected.  We also integrated experiential data to judge whether the 
mathematically optimal distribution intuitively reflected what we have observed during data collection. 
6.3.1.1 Time for Weigh-in 
The best probability distribution for this process is given by the following Erlang function: 
 
This yields a square error of about 0.014 from the data we observed so this function seems to be an 
accurate representation of real world process times.  A histogram fitted with the Erlang distribution 
along with a distribution summary is shown in Figure 25. 
 
Figure 25- Probability Distribution for Weigh-in 
 
 




The best approximation for a probability density function for the nurse consult is shown here: 
 
This is a normal distribution function with a mean of 5.76 and standard deviation of 2.74.  The resulting 
square error is 0.01 so we know the function does reflect our observations.  A normally distributed 
probability function has the possibility for the outcome to be below zero which does not make sense in 
this context.  However, the chance of this is low and even if it does occur, Arena will not include 
negative process times so we will not encounter problems when running the simulation.  Still, 
unrealistically low process times may be generated by the model, but we can assume that as long as the 
overall trend of behavior is accurate, this distribution is a reasonable representation of reality even if 
individual process times are not. 
 
Figure 26- Probability Distribution for Nurse Consult 
 
6.3.1.3 Surgeon Consult 
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This exponential distribution yields a square error of 0.014.  The function correlates with our 
observation that most of the possible times for this process fall within the lower range of values while 
allowing for a much lower proportion of high values. 
 
Figure 27- Probability Distribution for Surgeon Consult 
 
6.3.1.4 Behavioral Medicine Professional Consults 
The 40 behavioral medicine consults observed allow for a reasonable sample size but fitting a 
probability density function to this data results in a less accurate match compared with the other data.  
The best fit is the following Weibull function:  
 
The square error of about 0.026 is amongst the higher errors of the processes we observed but still falls 
well within a reasonable limit. 
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Figure 28- Probability Distribution for Behavioral Medicine Consult 
6.3.1.5 MD Nurse Consult 
The function for the MD Nurse consult is shown here: 
 
Again, this is a Weibull distribution and the resulting square error is approximately 0.018.  Since we only 
have 15 datum points, we cannot know if this process will continue to exhibit this behavior unless more 
data is collected.  Still, it is a fairly good fit from the information we have.  Also, when we validate the 
simulation model (which will incorporate this data) we can confirm if this function is suitable. 
 
 
Figure 29- Probability Distribution for MD Nurse Consult 
6.3.1.6 MD Consult 
For this set of data, we discussed stratifying the sample by separating the long visits from short 
ones so that each cluster would follow a more obvious pattern, but since our sample was already small, 
it did not make any sense to divide it in two because any probability density function we could apply to 
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it would be almost entirely arbitrary.  With what we have, the following Weibull function seems to be 
the best fit: 
 
The square error is about 0.094 which is by far the largest square error amongst all the distributions we 




Figure 30- Probability Distribution for MD Consult 
6.3.2 Arrival Time Probability Distribution 
In order to mathematically determine the average arrival rate of patients at the Weight Center, 
we again used the Arena Input Analyzer function.  We obtained the arrival times from patient encounter 
forms and calculated the time between each successive arrival.  We then took these differences and 
entered them into the Input Analyzer.  
The output indicated that the data fits the Weibull distribution, with a mean square error of 
0.022.  We found that a proper expression for the arrival rates of Weight Center patients is as follows 
 
Unlike the process times described in the previous sections, this distribution is used to generate a 
schedule.  The function determines the interval between the arrivals of individual patients rather than 
the time it takes for a patient to arrive. 
 
 




Figure 31- Probability Distribution for Arrival Intervals 
6.4 The Modeling Process  
After conducting background research and data analysis, identifying areas of improvement, and 
designing Value Stream Maps and box plots to define the current state of flow in the Weight Center, 
developing the actual simulation model was relatively straightforward.  The process map in Appendix A 
served as useful foundation to construct an early build of the model.  The remaining tasks involved 
updating different patient tracks, process information, and animation.  A screenshot of the simulation 
can be found in Appendix E. 
6.4.1 Overview of Patient Flow in Simulation 
 A patient in the Weight Center can have an exam or appointment with a bariatric surgeon, 
psychologist, nutritionist, dietician, or the Medical Director.  We split the entities (representing patients) 
entering the simulation into different paths based on care provider with a probability decision module. 
The probability of a patient seeing each care provider was determined by the percentages of 
appointment types during the observation sessions. These percentages are shown below: 
 Bariatric surgeon – 52.99% 
 Psychologist – 11.39% 
 Nutritionist – 11.39% 
 Dietician – 11.39% 
 Medical Director – 12.82% 
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After the patient entities are split by their provider, the entity types are assigned attributes 
according to the provider they are seeing, so that later on in the simulation process the entities can be 
kept in their own tracks.  After entering the system, depending on the appointment, a patient is weighed 
either by a nurse or one of the behavioral medicine professionals and then taken into an exam room or 
office respectively.  The patient is then be seen by the nurse and/or care provider for their consults.  For 
the surgeon track, a probability decision module was included (6.837% true) to model whether or not a 
patient needs a blood draw after the visit.  After these consults, the patients are then grouped back 
together into one track in the model and they all check-out at the reception desk.   
6.4.2 Process Information 
 Each value added process where resources are seized by an entity (patient) had to be updated 
according to Weight Center flow.  A sample process module can be seen in Figure 32.  The probability 
distribution for each process as described in Section 6.3 was entered into an expression box that 
determines how long resources are seized for.  When a resource is seized in the simulation, it 
corresponds to value added work in the real world.  For example, to represent a nurse escorting a 
patient into an exam room for the patient intake process, the patient entity in the simulation seizes a 
nurse and exam room.  A surgeon spending value added face time with a patient would require the 
patient in the simulation to seize the surgeon. When a resource is released, it can then be seized by the 
next entity in the queue.  
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Figure 32- Process Module for the Bariatric Surgeon Consult 
It is also necessary to indicate which resources are needed for each patient.  For the check-in 
process, where every patient entity flows through as a single track, the front desk staff is seized, 
delayed, and released.  Next, the entity seizes either a nurse or their behavioral medicine professional 
(depending on patient type) and the scale for weigh-in.  For a bariatric surgeon or Medical Director 
patient, the nurse and exam room are seized for the weigh-in and paperwork consult and then the nurse 
is released upon completion.  The patient, still holding the exam room, then seizes the surgeon or 
Medical Director for the duration of the care provider consult.  For the behavioral medicine 
professionals, the entity seizes a nutritionist, psychologist or dietician when it gets weighed and releases 
the resource at the end of the consult.  A patient that requires a blood draw will hold on to the exam 
room and seize and release a nurse for this process.  After the consult (and blood draw if needed), 
entities release the exam room or office and converge on one track where they seize the receptionist to 
check out and release the resource when the process is complete. Finally, the patient visit is over and 
the entities exit the system. 
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6.4.3 Animation 
 Another feature of Arena that we added to the simulation is animation.  Animation can be used 
to indicate areas of improvement by visually showing patient queues.  In order to fully animate a model, 
some process logic needed to be altered. In particular, modules called stations were added to hold the 
entities and routes were added to connect the stations.  Also, resources themselves were animated. 
6.4.3.1 Stations 
Stations are pieces of model logic that act as housing stations for entities.  Flow animation in 
Arena can only function properly with the use of these stations.  To animate a patient moving from one 
location to another, each location must be associated with a station in the model.  The first station is the 
arrival station where the patient walks into the waiting room area.  After a patient walks into the clinic, 
he or she checks-in and sits down in the waiting room, which is represented by the next station.  When 
the patient’s name is called for the appointment, they are transported to the scale or weigh station.  
From here, the patient is taken to an exam room for the MD or surgeon tracks, or a behavioral medicine 
professional’s office where the consult will take place. Separate stations are used for each diverging 
process path.  The last two stations are the receptionist’s office and the elevators.  A patient schedules 
another appointment at reception and leaves the clinic through the elevator entrance.  In order to 
animate these stations, we drew an outline of the clinic layout.  Specific animated stations were used to 
indicate locations of exam rooms, offices and other stations.  
6.4.3.2 Routes 
 Routes are modules in the simulation that connect stations either logically in the model or 
physically in the animation.  In the model logic, a route can be created to associate two stations not 
connected with paths.  In the early draft of the Arena model we created one long series of processes 
directly connected by paths.  However, the addition of stations and routes allowed us to separate the 
model into different sections for each location.  The five sub-models we built can be seen in Appendix F. 
The following overview summarizes these sub-models and lists the stations they contain:  
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1. Patient Arrives – arrival station 
2. Patient Name Called – waiting room station 
3. Weight Taken -  weigh station 
4. Patient Seen by Care Provider – exam room or office stations 
5. Patient Leaves – reception and elevator stations 
Each sub-model is connected to the next logically using route modules.  The obvious routes are 
routes to the waiting room, weigh station, reception, and elevators.  However, there are multiple routes 
that connect the Weight Taken and Patient Seen by Care Provider sub-models.  Each care provider has 
their own stations so they require unique routes. Patients flow into this sub-model through separate 
routes to exam rooms, the dietician’s office, the MD exam room, etc.  
 Route modules allow the user to assign travel time between stations.  We determined these 
times by taking the averages of the data from the in-clinic observation.  For example, we recorded the 
time the nurse called the patient and the time the nurse began weighing the patient.  The average 
difference between these times show the time required for a patient to walk from the waiting room to 
the scale, which corresponds to the travel time between stations.  Travel times varied depending on the 
complexity and distance of the route. 
 Connections between stations must also be defined in the route module.  In order to simulate 
these routes, we incorporated them into the layout of the clinic.  The animated routes are paths that 
physically connect the stations so an entity may move between them.  Routes can be straight lines or 
can be shaped to navigate around corners and walls. 
6.4.3.3 Resources and Entities 
 The final step in animating the model was integrating the use of symbols to indicate when the 
resources are being utilized.  Icons representing human resources were placed in the exam room or 
office where they are utilized.  Surgeon and Medical Director Icons were placed in exam rooms and 
behavioral medicine professional icons in their offices.  Icons for nurses and the receptionist were also 
included in their respective rooms.  Color coding is used to differentiate each resource type.  A non-busy 
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or idle resource is completely white.  When a resource is seized in the model, the head of the icon will 
change to a different color depending on the resource.  Figure 33 is a screenshot of a running iteration 
of the animated simulation. 
 
Figure 33- Simulation Animation 
6.5 Verification and Validation 
After completing the model, we needed to determine if it accurately reflects flow in the Weight 
Center. We concluded the simulation had been verified through documentation to reproduce output 
from a typical clinic session.  Validation of these results involved several steps.  We compared not only 
wait times and process times from the simulation to observational data, but observed process times to 
the experience of the frontline workers as well.  In order to do this, the follow-up survey was used to 
obtain staff feedback to indicate if observed process times were accurate.  Also, comparison metrics 
such as utilization, value and non value-added time, and length of stay between our initial observations 
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and the simulation results determined the validity of the model.  Specifically, in this phase we must ask 
ourselves two questions: 
1. How do we know there are no mistakes in the model? (verification) 
2. Are our results actually valid? (validation)  
By ensuring there are no errors in the model, we verified that the simulation is functional and yields 
logical and rational results.  This leads into validation, which assessed whether the model reflects 
patient flow processes in the Weight Center.   
6.5.1 Verifying the Simulation  
 In order to verify the simulation, we demonstrated that it can produce accurate and relevant 
results that do not contain outliers, anomalies, or unused resources or processes. We simulated a 
certain period of time in the Weight Center and reviewed data such as process times, wait times, 
utilizations, number of resources seized, and other important metrics. 
 The first run of the simulation was a once-replicated session of about 4 hours with 20 patient 
arrivals.  All 20 patients who entered the system exited successfully which confirmed that there are no 
flaws in the process as a whole.  The second issue was checking if the quantity of each type of patient 
remained consistent from entry to departure. This test did not encounter issues either so we proceeded 
to analyze resources.  We verified that the number of patients for each provider matched the number of 
times that care provider was seized, and the number of times the corresponding exam room or office 
was seized.  Again, no problems emerged so we considered transfer time next.  The time required to 
move from process to process in a simulated appointment needed to be validated in the animation and 
model as a whole to be accurate.  We confirmed that the total transfer time for a single entity matched 
the sum of the transfer times in the model.  After concluding that the model is rational, we investigated 
problems relating to the model’s logic. 
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An issue that emerged in one of the first runs was that almost all resources were being utilized 
at nearly 100%.  In addition to this, wait times were nearly zero and length of stay was very short.  After 
quick analysis, it was determined that the model did not account for resource down time.  For example, 
after a certain number of patient visits, the bariatric surgeon will dictate information about 
appointments and complete other follow up procedures in the conference room.  This was not 
implemented in the simulation, and consequently, surgeon availability was unrealistically high.  The 
same applies to nurses, rooms and other care providers.  Nurses have other duties that do not present 
themselves directly in patient flow such as room turnover.  Incorporating these factors in the simulation 
would improve the accuracy of the utilization rates it yields. 
 To model resource availability, we used resource failures.  Assigning a failure to a resource 
decreases resource availability according to a time interval or a span of patient inflow.  A failure rule was 
added that after every three surgeon consults, it “fails” for 30 minutes to represent time spent on 
patient records in between visits.  The reasoning behind this was that when the three exam rooms were 
filled, the surgeon would see all three patients before addressing these responsibilities.  Bariatric 
surgeons, from the initial staff questionnaires, indicated that they spend (on average) 10 minutes on 
each patient outside of the exam room.  However, occasionally not all three rooms are filled, and this 
might affect the failure rule. Despite this, surgeons have human needs such as restroom usage, so this is 
likely to compensate for such occurrences.    
Arena has two rules that can be used for a failure: “ignore” or “wait.”  An ignore rule means that 
resource downtime may occur even if the resource is seized whereas a wait rule would only initiate 
downtime if the resource has been released.  Since a care provider or nurse would not terminate a 
consult in progress, the wait rule is more applicable for failures.   
Other resource failures that were added were: 
 MD – every 1 patient, downtime for 30 minutes 
 Behavioral Med – every 1 patient, downtime for 10 minutes 
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 RN staff – every 2 patients, downtime for 5 minutes 
 Room (turnover)  – every 1 patient, downtime for 5 minutes 
 Front Desk – every 1 patient, downtime for 5 minutes 
The MD downtime is much longer than the bariatric surgeons because the amount of paperwork 
and information the MD reviews is significantly greater than what the surgeon reviews.  In addition, the 
MD sees only four patients on average per day so a higher proportion of time can correspond to other 
work, modeled here as failures. 
Another issue that had been observed was an unexplained error in the Medical Director track.  
Patients were not being separated adequately. The Medical Director was only seeing one or two 
patients during each session, when he usually sees at least 4.  This may have been caused by 
inaccuracies in the data collection process.  To fix this, an independent create module and check in 
process was added to the MD track exclusively for MD track patients. However, the percentages of other 
patient types in the original decision module needed to be altered to reflect this modification. The new 
percentages are as follows: 
1. Bariatric Surgeon – 60.7843% 
2. Nutritionist – 13.07189% 
3. Dietician – 13.07189%  
4. Psychologist – 13.07189% 
 
This resolved the issue and also did not impact overall results.  With the verification process completed, 
we proceeded to validate the model. 
6.5.2 Validating the Simulation 
The validation process involved examining results from the follow-up survey and comparing data 
acquired from observations to simulation results. This allowed us to gain a thorough understanding of 
how accurate our model really is.  
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6.5.2.1 Follow-up Survey Responses 
The first set of questions in the follow up survey gauged the frontline staff’s agreement with our 
observed average process times. Since this data was used for inputs in the model, staff concurrence 
would be effective in supporting the validation process.  
The results of the survey were mixed. Some process times were met with universal agreement 
while others were deemed as erroneous. For example, the behavioral medicine professionals agreed 
with the average process times for the behavioral medicine track, but our data for nurse consult time 
was met with disapproval.  One limitation of the survey is that it does not provide an indication if the 
actual time should be shorter or longer.  In the case of the nurse consult, however, the staff had 
personally expressed that this process usually lasts longer than the five minute average we observed.  
Another negatively received observation was the one minute wait for blood draws, which no respondent 
agreed with.  Again, discussion with staff indicates that this takes much longer on busier days and a 
larger sample size may have shown this.  Despite such minor issues, the remainder of data appeared 
fairly accurate as evidenced by these surveys so the simulation inputs do resemble the Weight Center’s 
actual behavior.  
6.5.2.2 Observation Validation 
The second form of validating our simulation involved comparing results from observations of 
the Weight Center to the model results.  We decided to focus on a few metrics including: 
 Average patient wait times 
 Average length of stay 
 Utilization of resources.   
 
The closer the values from the simulation are to the in-clinic observation data, the stronger the 
indication that the model is an accurate representation of the real system.  Before analyzing the 
simulation results, we needed to determine the number of replications that would best facilitate the 
validation process.  Simulation replications would provide not only average times over numerous 
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iterations of the model, but also benefit reliability of the model by indicating a confidence interval based 
on the number of replications.  
It was unclear how many replications we needed to obtain accurate results.  At first we decided 
to replicate the simulation 15 times to reflect the number of sessions the clinic is open over a two week 
period (1 on Mon, 2 on Tues, 2 on Wed, 2 on Thur, 1 on Fri every other week).  However, delving deeper 
into replication, we concluded that a more complex simulation may need more replications.  According 
to Díaz-Emparanza (1996), the minimum number of replications needed is determined as a function of 
the accuracy (percent deviation) and confidence interval (1 – α).  We decided to seek a 95% confidence 
interval for the simulation results.  This implies that we needed to obtain an accuracy (A) of 0.025 
(percent deviation of 2.5%) with α = 0.05.  To achieve this, a minimum of 292 replications are required 
(p. 10).   The following section compares the output from both the simulation and our in clinic 
observations. 
 First, we looked at value added times which we input into the simulation as probability 
distributions. Tables 3 to 6 provide a comparison of average process times and confidence intervals 
between simulation and observation.  Table 3 shows values for weigh-in times while Table 4, 5 and 6 
represent processes in the bariatric surgeon track, MD track and behavioral medicine track respectively. 
All Providers Observation Simulation 
Weight Taken 1.32 min ± 1.07 1.33 min ± .02 
 





.Medical Director Observation Simulation 
RN Check In 6.6 min ± 2.5 6.71 min ± .14 
Bariatric Surgeon Observation Simulation 
RN Check In 5.73 min ± 2.82 5.82 min ± 0.1 
Surgeon Consult 22.76 min ± 21.65 22.47 min ± .81 
Bloodwork 5 min ± 1.51 4.2 min ± 2.5 
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MD Consult 26.79 min ± 11.16 26.16 min ± .64 
 
Table 5- Medical Director Value Added Times Comparison 
 
Behavioral Medicine Professionals Observation Simulation 
Nutritionist Consult 33.5 min ± 14 24.1 min ± 1.33 
Psychologist Consult 33.5 min ± 14 25.09 min ± 1.39 
Dietician Consult 33.5 min ± 14 25.08 min ± 1.4 
 
Table 6- Behavioral Medicine Professional Value Added Times Comparison 
Since the simulation is drawing random numbers based on the distributions we fit to the 
observed data, we expected to see very similar average process times. This was the case when we 
reviewed the above information, which means that no internal errors in the simulation that would affect 
process times have been encountered.  However, there are substantial differences in the standard 
deviations and confidence intervals between the data and the model.  This shows the significance of the 
role variability plays in real world processes and how difficult it is to simulate it. 
Table 7 illustrates the differences in wait times for the Bariatric Surgeon, Medical Director, and 
Behavioral Medicine patients.  During clinic observation, it was not possible to determine which patients 
in the waiting area were seeing which providers, so the wait time in the waiting room is an aggregate 
average for all Weight Center patients. 
Wait in Waiting Room Observation Simulation 
Bariatric Surgeon 13.13 min ± 7.56 1.22 min ± .19 
Medical Director 13.13 min ± 7.56 1.78 min ± .53 
Behavioral Medicine 13.13 min ± 7.56 3.76 ± .85 
 
Table 7- Comparison of Time Spent in Waiting Room 
 
Tables 8 and 9 illustrate the differences in observed and simulated wait times for the bariatric 
surgeon and Medical Director patients.  The Behavioral Medicine Professional has no wait or non-value 
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Bariatric Surgeon Observation Simulation 
Wait for Consult 14.1 min ± 13.5 4.07 min ± .34 
Wait for Blood draw 1.38 min ± 2.2 .34  min ± .09 
 
Table 8- Bariatric Surgeon Non-Value Added Times Comparison 
 
Medical Director Observation Simulation 
Wait for Consult 12.2 min ± 7.66 3.15 min ± .41 
 
Table 9- Medical Director Non-Value Added Times Comparison 
Comparing the data in Tables 7, 8 and 9 reveals a drastic difference between observation and 
simulation for all wait times. This may be explained by the way arrival rates were determined.  The 
probability distribution fit to the inter-arrival data may underestimate the number of times multiple 
patients arrive at once.  In the real world, this will happen often because more than one patient is 
usually scheduled for the same appointment timeslot to compensate for late arrivals.  The model, 
however, does not take this into account, and only enters a single entity (patient) into the system for 
every interval determined from the distribution in Section 6.3.2. 
To illustrate the impact of arrival rates on wait time, consider the arrival of two patients. In the 
simulation, these patients may enter the clinic in fifteen minute intervals. If a nurse and exam room are 
available, the first patient will have his or her weight taken and begin the nurse consult immediately. 
The second patient does not arrive until the first patient’s nurse consult is complete so the nurse may be 
available to escort the new patient to a vacant exam room without incurring significant wait times. 
Meanwhile, the first patient’s surgeon consult has already begun before the second patient arrived. 
Once the second patient’s nurse consult is done, the first patient’s surgeon consult may be nearly done 
as well so the second patient does not need to wait long for his or her surgeon consult to begin. The first 
patient can then leave the clinic without waiting for resource availability at all while the second patient’s 
wait time will be relatively short. 
In contrast, the actual Weight Center may schedule the two appointments for these patients at 
the same time. The first patient may be taken for weigh-in and nurse consult while the second patient 
 
 
85 | P a g e  
 
needs to wait for the entire span of the first patient’s consult for the nurse to be available. The second 
patient’s nurse consult will begin the same time as the first patient’s surgeon consult. When the second 
patient’s nurse consult ends, there is a significant wait for the surgeon because he is still seeing the first 
patient. Thus, compared to the simulation example, wait time is significantly more. When considering a 
high volume of patients over a four hour period, accumulated wait time will rise substantially. 
Thus the difference in arrival rates causes lower wait times to accumulate in the simulation. This 
is a notable limitation of the model but despite this shortcoming, the overall depiction of flow may still 
be accurate.  Further steps need to be taken to assess the model’s validity so we considered other 
metrics of flow including length of stay and resource utilization.  
The graph in Figure 34 compares the average length of stay in the simulation and clinical 
observation for each patient type. While the simulation results match the collected data for most 
patient types, there is a slight disparity in the surgeon and MD tracks.  This can be attributed to 
differences in wait times.  We observed that surgeon and MD patients waited an average of 13 minutes 
before nurse consults and an additional 14 or 12 minutes before care provider consults.  As elaborated 
above, wait times in the model were much lower and since process times were relatively similar, total 
length of stay in the simulation would be lower as well.   
Additionally, greater process time variability in these tracks affects length of stay.  While the 
behavioral medicine consult also can have a wide range of times, there are fewer processes in this track 
so the impact of variability is contained. On the other hand, variability for the surgeon and MD tracks 
can cause bottlenecks to appear in the actual clinic but not the simulation because of the arrival rate. 
These bottlenecks can cause long patient queues which may have a strong impact on wait times that is 
not captured in the model. 
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Figure 34- Length of Stay Comparison 
The last three graphs compare one of the most relevant metrics for describing flow: resource 
utilization.  As defined above, resource utilization is the amount of time a resource has direct contact 
with a patient, divided by the amount of time the clinic is open.  The Weight Center has expressed 
achieving balanced utilization as an important goal, so if utilization in the simulation corresponds to real 
utilization, it may be possible to use the model to achieve this goal. Resource utilization can be 
calculated by dividing the amount of time a resource is being used by the amount of time it is available.  
In order to determine exam room, care provider and nurse utilization from the observational data, the 
total amount of time patients use each resource was divided by the 240 minutes the clinic is open per 
session. Figure 35 shows the utilization rates for these three resources in the surgeon track for both the 
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Figure 35- Utilizations for the Bariatric Surgeon Track Patients 
 From this graph, we can see that resources in the model have lower utilizations than in real life. 
This contradicts the results we expected for a number of possible reasons. One explanation for these 
differences lies in the length of clinic sessions.  During the observation period, the Weight Center closed 
everyday at 5 pm and all patients left the system by 5:15.  We calculated resource utilization based on 
this allotment of time but in the model, the simulation runs until the last patient exits the system. The 
length of a session in the model could be as high as five or six hours whereas clinic sessions strictly last 
only four hours.  Again, patient arrival rates can explain this occurrence.  In the clinic, multiple patients 
may arrive at once but in the simulation, patients arrive one at a time so it will take longer for all 
patients to enter the system. The longer session length in the model causes the denominator of the 
utilization fraction representing total resource availability to be larger than that of the observed values 
which may result in lower utilization rates.   
Figure 36 compares utilization rates for the MD track.  In this graph, utilization is greater in the 
simulation than in our observations.  This is most likely because of the limited amount of patients the 
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bariatric surgeon because we observed only “face time” as utilization which may not be a completely 
accurate assessment of this.  Face time is defined as the time a care provider and patient spend face to 
face in the exam room.  However, because the Medical Director’s tasks involve other work outside of 
the exam room including administrative paperwork and assessment of patient medical records, actual 
utilization should be higher.  The failure rules we implemented in section 6.5.1 should have accounted 
for this, however our model does not include this failure time as value added time when calculating 
utilization.  Therefore, the Medical Director’s value added work behind closed doors remains 
unaccounted for.   
 
Figure 36- Utilizations for the Medical Director Track Patients 
 Figure 37 compares utilization rates of the behavioral medicine professionals and their offices.  
Because both resources are seized and released at the exact same time, utilization rates should be 
identical.  Again, these rates are lower in the model due to longer session hours.  Also, these care 
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Figure 37- Utilizations for the Behavioral Medicine Track Patients 
 Certain assumptions in the modeling processes have lead to inconsistencies in utilization rates 
and we can deterministically see this. In the simulation, the accumulated value added time for the 
bariatric surgeons averaged to be 217.45 minutes.  Dividing that number by 2 equals 108.725 minutes of 
value added time per surgeon.  The ratio between this time (equivalent to time the surgeon is occupied) 
and the length of an actual clinic session (four hours) yields surgeon utilization, which is 45.33% 
according to these figures. This is remarkably close to the observed 45.87% utilization, suggesting that 
the key factor causing disparity in the results is in fact the session length.  
In review of the information above, it is necessary to view any simulated testing of future 
changes not as an indicator of concrete predictions but as a measure for baseline comparison.   As with 
any model, assumptions must be made that affect simulated results. Not all variability can be accounted 
for so simulation can never exactly replicate reality.  Thus all outcomes of scenario testing must not be 
analyzed literally but rather relative to base runs and comprehensively with real observations.  The 
implication of this is that if a solution implemented in simulation improves, for example, the average 
wait time for a bariatric surgeon, then we can be confident that a similar effect will take place in the 
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6.6 Testing and Results 
After the completion of the analysis and validation in the previous sections, we have concluded 
that the model will produce accurate results that reflect a typical Weight Center session.  To begin 
considering the final goals for this project, the next step was to use simulation to demonstrate how 
potential changes affect different aspects of flow.   
 The addition of an exam room was one of the solutions presented by the clinic staff.  The 
bariatric surgeons and/or the Medical Director would benefit from this as they would most likely see an 
increase in patient throughput.  However, if other resources are not abundant enough to satisfy flow 
requirements, then this addition of an exam room would most likely result in new bottleneck processes 
and hurt flow.  If care provider utilization remained constant, but the number of rooms increased, then 
theoretically more patients would be able to move through the system each session.  Utilization of the 
nurse may increase since the total time patients spend with a nurse will increase.  With utilization of the 
nurse already at 20%, an increase might have a negative impact on flow.  In the Weight Center, the 
nurse the least expensive resource, and it is ideal for this resource to be utilized the least.  Therefore, in 
addition to adding an exam room, we assumed that adding a nurse is necessary as well for this solution 
to be effective.  
We analyzed the impact of the changes summarized above primarily from the perspective of the 
surgeon track.  The base case in this section refers to the current state of the Weight Center and the test 
case is the addition of an exam room and a nurse.  In a thorough simulation study of clinic flow, it would 
be more effective to measure the impact of altering one variable at a time.  However, the intent of this 
project is to explain the benefits of simulation for the Weight Center.  The test case provides more 
opportunity for relevant discussion and thus is more suited to our goals. 
 In order to test this scenario in simulation, we built an initial queue of 17 patients in the waiting 
area and examined how the flow is affected.  This buildup of patients is necessary to understand how 
clinic throughput and backlog is affected by the additional resources.  Increasing the number of exam 
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rooms should decrease the time needed for all entities (patients) to leave the system.  However, since 
we cannot determine exact simulation lengths, we had to analyze the balance of resource utilization.  
Also, we looked at bottlenecks and how they can emerge for the clinic’s new utilization rates. 
From a patient’s perspective, the amount of time spent waiting is an important factor in a 
clinical visit.  Also, value-added time has a very different meaning from its definition to an industrial 
engineer.  Even though a surgeon may be performing value-added tasks while not currently with the 
patient, the patient does not want to pay for that value added work unless it is spent as face time.  It is 
important to look at the amount of time spent waiting for a care provider along with what fraction of 
total length of stay this wait represents.  
In Figure 38, we can see that adding an exam room will balance the wait times evenly between 
the wait for the nurse and the wait for the care provider.  The wait for the bariatric surgeon increases 
when an exam room is added because more patients are admitted into exam rooms at a quicker rate 
due to increased availability.  More patients in exam rooms should in turn lead to rising surgeon 
utilization.  The next graph in Figure 39 shows the average percentage of time a patient spends waiting 
during their entire stay.  This fraction was reduced from 22.3% in the base case to 16.4% in the test case. 
 















Wait for Care Provider
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Figure 39- Percentage of Time Spent Waiting 
 
According to improvement specialists at UMass, over 65% utilization exam rooms will cause 
bottlenecks.  This is because when an exam room is being over utilized, potential utilization of surgeons 
is reduced thus wasting valuable time and money.  In any system, the most expensive resource should 
be the bottleneck so it needs to have the highest utilization.  In the case of the Weight Center, this is the 
care provider.  In the base model, the highest utilized resource in the surgeon track was the exam room, 
followed by the bariatric surgeon and then the nurse.  As we can see in Figure 40, the initial queue of 17 
patients causes unbalanced resource utilization.  Additionally, the exam room is utilized at 69.5% which 
is above the 65% bottleneck limit.   
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However when an exam room and nurse are added, resource utilizations were balanced out as 
seen in Figure 41.  We were able to reduce nurse utilization to less than 20%, which ensures that the 
nurse will not be the resource determining patient flow.  Our hypothesis was correct because the care 
provider saw an increase in utilization.  In the test case, the most expensive resource is being utilized at 
the optimum level, allowing for an ideal balance of resources.  In addition, this analysis provides an 
answer to how throughput would be affected.  Since the average process times did not change 
significantly while wait times decreased, we can conclude that an increase in care provider utilization 
means that it took less time for all 37 patients to exit the system.  Therefore, in the time it took 37 
patients to flow through the base case, the test case would have been able to accommodate more 
patients, suggesting that a more effective throughput has been achieved. 
 
Figure 41- Utilizations with 4 Exam Rooms 
We have successfully shown that adding an exam room and nurse will benefit patient flow in the 
clinic.  Through this example, we have demonstrated how simulation can help provide opportunities for 
lean process improvement.  However, assumptions made while modeling can be perceived as 
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7. Conclusion 
The successful completion of our MQP depended on addressing the following project goals: 
1. Map the patient flow in the Weight Center 
2. Identify bottlenecks  
3. Assess the utilization of resources 
4. Create a simulation model to demonstrate the value of such models in evaluating 
improvements 
5. Suggest techniques and opportunities improving patient flow 
We mapped the patient flow in the Weight Center by initially observing the Weight Center and 
talking to the staff in order to develop a process map that depicts the flow of patients throughout the 
clinic.  From the process maps, we developed Value Stream Maps that represented the clinic’s 
operations.  The Value Stream Maps also highlighted bottlenecks in the process that we should analyze 
more closely.  After we went into the clinic and physically observed patients and resources we were able 
to analyze the process times for individual processes and study the utilization of resources to portray 
the importance of the balance between the three main resources (exam rooms, surgeons, and nurses).    
Finally, we tested potential solutions to the bottlenecks with a simulation model to determine if the 
solutions would be effective in improving flow in the clinic.   
Our first four goals were successfully completed, which leads to discussing our conclusions 
about the value of simulation to our project and our fifth goal, concerning additional opportunities for 
improvement and whether simulation can be useful in evaluating potential solutions. 
7.1 Impact of Process Analysis 
Studying the observational data, process map, Value Stream Maps and the other information we 
obtained revealed a great deal about where lean improvement should focus to benefit the Weight 
Center.  Using these tools, we identified bottlenecks in the system and determined whether resource 
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utilization reflected the clinic’s goals.  This provided us with the analysis needed to satisfy the first three 
goals for this project. 
Any process that exceeds Takt time has the potential to be a bottleneck and using the 
aforementioned tools, we isolated the surgeon consult and behavioral medicine consult as possible 
process bottlenecks.  We suggest that these two processes require further attention if lean 
improvement is to be achieved successfully.  In addition, as pointed out in our Value Stream Map by 
Kaizen Bursts, we identified the following other possible bottleneck areas: 
 Late Arrivals 
 Registration Delays 
 Staff Miscommunication 
 Translator Delays 
 Medical Records Not Being Viewed in Exam Room 
 More Space Needed 
 Blood Work Process Inefficient 
 Patient Don’t Know Where to Check Out 
In order to address these issues, we have also identified possible solutions to the above Kaizen Bursts, 
stemming from our own analysis as well as ideas from the staff.  They included adding computers and 
phones to exam rooms, which were both addressed by the Allscripts implementation, creating a more 
efficient way of communicating between staff, streamlining the registration process, better workload 
leveling (scheduling of appointments), and more efficient use of exam rooms. 
Based on the observational data we gathered, it was possible to deterministically calculate 
resource utilization using average process times as shown in section 4.2.3.  This is a key measure that 
can indicate if the Weight Center’s resources are being used in an effective and efficient manner.  One 
goal of the clinic is for the care provider (who is more costly than exam rooms or nurses) to have the 
highest utilization because it is preferable that the most expensive resource is the bottleneck.  Thus, 
resource utilization – which the Weight Center had originally expressed as an area of concern – is an 
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issue needing further examination.  While we highlighted the issues described above using these 
techniques, we needed to use simulation to delve deeper into their implications. 
 
7.2 Impact of Simulation 
Throughout the project, we had numerous opportunities to assess whether or not simulation 
can be a helpful tool for process improvement at the Weight Center.  Our extensive use of simulation 
included constructing a model, interpreting its results and experimenting with its parameters.  Although 
we conducted tests using the model to strive towards lean improvement, implementing these changes 
was outside the scope of this project.  Instead of providing specific solutions, we are able to convey 
areas where analysis of patient flow would benefit from using simulation and how it can play a part in 
resolving the issues involved. 
 Simulation is not the only tool that can be used for process improvement, and in many 
instances, it may not be the most useful either.  Often, it is possible to test a solution to a problem with 
simulation to judge how effective it will be before actually investing money to employ it in the clinic.  
However, there are cases where this is not possible because the model was not designed to 
accommodate such changes, or information that was not available to the project team is needed.  Our 
flow analysis in section 5.2 includes several solutions, including enforcing a stricter late arrival policy, 
having care providers show patients where to check out and reminding patients that parking may cause 
delays in their arrival.  Thus, it is necessary to differentiate between issues where simulation could play a 
role and issues where simulation would not yield relevant results. 
 From the solutions we proposed, simulation would be useful in testing the following: 
1. Assigning one or more additional exam rooms to the Weight Center 
2. Moving the clinic to another facility 
3. Having all blood draws done prior to exams 
4. Adding an exclusive blood draw room 
5. Using a single desk for check in and check out 
6. Making the surgeon responsible for patients with short visits 
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To test solutions 1 and 2, additional resources would be added to the model, specifically more exam 
rooms (assuming the new facility has a greater number of available rooms).  Solution 3 involves 
rearranging the sequence of processes so blood draws come before the surgeon consults.  For solutions 
4 and 5, new types of resources can be added and the resources each process seizes can be adjusted.  
Finally, solution 6 can be tested by adding a new “surgeon short visit” patient type and combining the 
nurse consult and surgeon consult into a single process for those patients. 
 However, while it may be possible to use simulation to evaluate these scenarios, it may not be 
the most prudent course of action.  As evidenced by our experience, developing the model is very time 
consuming.  In some cases, it may be more time and cost effective to implement some of these solutions 
for a short period of time and to observe the resulting outcome rather than to dedicate time to develop 
and test them with simulation.  Before initiating the modeling process, it is important to consider what 
alternative options are available and whether the information gained from simulation can be obtained 
more quickly and easily using other methods. 
 Still, there certainly are aspects of process improvement in the Weight Center that could benefit 
from simulation.  Any changes in resource availability such as adding nurses, care providers or exam 
rooms would require a large financial investment to test in the real world so observing the impact of this 
in the model is helpful in determining potential benefits.  Future scenarios with risky repercussions also 
should be simulated.  For example, a significant increase in patient appointments might be simulated 
rather than tested in real life because if the clinic’s capacity cannot satisfy this increase, patient 
satisfaction could suffer adversely affecting the Weight Center’s overall performance. 
 From what we have learned, the clinic should not rely on simulation as a solution but instead 
use simulation as an instrument alongside other industrial engineering techniques to target areas for 
Lean improvement.  While simulation was the focal point of this project, the Value Stream Maps, staff 
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surveys, clinic observation and other aspects of our methodology were important sources of information 
that contributed to highlighting and addressing existing problems. 
 In some regards, perhaps one of the most important merits of simulation is that it can function 
as a learning tool.  Through our modeling process, we gained incredible insight into nearly all the 
characteristics of flow through the clinic.  During our observation sessions, we were able to discern 
issues not apparent to staff who may not have an objective perspective of the system as a whole.  These 
included not having phones in exam rooms, staff miscommunication, and patients not knowing where to 
check in or out.  When we created Value Stream Maps and box plots showing the range of process 
times, we illustrated how the variability in these times can exceed Takt time, which adversely affects the 
overall patient flow.  The surveys we conducted allowed us to determine the staff’s consensus on 
implementing Lean solutions, which reconciles the gap between theoretical waste reduction principles 
and their practical applicability.  By measuring resource utilization, we isolated bottlenecks in the system 
and determined if this was justified by cost.  The main resource bottleneck we were able to indentify by 
examining utilization was the exam room.  More efficient use of this resource and/or an additional exam 
room for the Weight Center to have access to for patients is a solution that should improve flow. 
7.3 Opportunities for Improvement in the Future  
 From the framework we built with our analysis, we can suggest additional actions the Weight 
Center could pursue in the future and how simulation might play a role in those.  First, we observed a 
wide range of process times.  Since healthcare is not comprised of mechanical components like a 
production line, we should expect more variability than, for example, in a factory but the variation we 
did see implies processes may be carried out inconsistently and in different ways.  It may benefit the 
Weight Center in the future to perform another study where the details of each process are examined in 
depth to resolve this issue.  If this were to be done, simulation may not be the best tool to use.  It seems 
unlikely that bottlenecks or utilization issues would emerge during a single patient visit, key features 
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that simulation is used to study.  In addition, this team should include people who are familiar with the 
needs and duties of a bariatric surgery consult, rather than industrial engineers. 
Another vital area of concern as discussed in Section 7.1 is utilization of resources such as the 
nursing staff, care providers, exam rooms, offices, the receptionist and the front desk staff.  Simulation 
can play a critical role in this by testing out possible combinations of resources to determine an ideal 
balance.  This process would involve running controlled experiments beginning with altering the 
available quantity of a single resource, and measuring its results.  Following this, it may be useful to 
conduct tests changing a combination of resources to determine what would achieve the most desired 
balance.  The merit of simulation is apparent because implementing these changes in the actual clinic is 
not feasible since it would not be possible to constantly hire and fire personnel or add and drop exam 
rooms.  For this analysis, the simulation model logic might need to be enhanced more explicitly including 
indirect activities when staff are not directly working with patients. 
 Simulation can also be a very powerful tool if the Weight Center were to be relocated.  
Currently, there are plans to move the clinic to a new, larger facility.  Undoubtedly, the transition will 
present many challenges and it is difficult to predict how this will affect flow.  If such a drastic change 
were to take place, simulation can be used to examine throughput, resource utilization, bottlenecks, 
patient length of stay, value and non value added times and countless other metrics for the new facility 
before the move takes place.  This analysis would allow the administration to ensure the new location is 
tailored to the clinic’s needs.  While the model we have built for this project is not robust enough to 
accommodate such significant changes, it does provide solid foundation for developing a more 
comprehensive model.  Before any relocation takes place, the Weight Center should develop an Arena 
model based on the new facility so the right resources can be employed in the future. 
 Lean improvement is a continuous process; it is not enough to perform a single study to 
implement lean and hope for immediate, permanent results.  Many of the steps in our methodology 
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need to be repeated at regular intervals for any solution to be truly effective.  Even during the relatively 
short period of time after we conducted our observation sessions, changes to flow have been 
introduced such as adding computers to exam rooms and installing an electronic medical record system.  
The data we collected and the problems we discerned may already be outdated, while new issues may 
emerge.   Therefore, we recommend the Weight Center continue its Lean improvement endeavors.  This 
project lays the groundwork for using industrial engineering techniques such as simulation in the clinic.  
The Value Stream Maps, the Arena model and other tools we have constructed should continue evolving 
to reflect new conditions.  Following this process, the Weight Clinic can identify and resolve problems as 
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Appendices 
Appendix A. Patient Flow 
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Patient sits down 
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Dietician in Office
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reception to make 
next appointment 
or leaves
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weighed by nurse
Taken to get 
height and 
weighed by nurse
Very First Visit, need to be cleared
Taken to room 11 
by nurse
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room by nurse
Patient seen by 
Dr. Gitkind
Seen By Doctor
Nurse takes Vitals, 
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paperwork
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Appendix B. Staff Questionnaire Email 
 
Hello, 
My name is Nicholas Comeau.  I’m a student at Worcester Polytechnic Institute, working on 
a degree requirement project at the Weight Center here at UMass Memorial for Kathleen 
Murray and Dr. Eric Dickson.  My project group is comprised of myself and two other students 
and we are looking to improve flow in the Weight Center by observing the current state and 
identifying bottlenecks.  In order to determine the current flow of the clinic, we would like to 
talk to staff that are most familiar with how the clinic runs.  We would appreciate about 10 
minutes of your time within the next week to answer some questions.  Participation is 
completely voluntary.  The information we will gather from our meeting with you is crucial in 
order to preserve the integrity of the data we collect.  If you cannot fit us in you busy schedule 
within the next week, please find attached a short, voluntary questionnaire which encompasses 
all the information we are planning to gather.  Thank you for your time, and we look forward to 
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Appendix C. In-Clinic Observations 
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C.3 Clinic Observation Template 
 
 Time Escorted to room by nurse (if applicable) 
 Time Nurse leaves (if applicable) 
 Time Seen by (please circle)     MD           Surgeon/NP             Psychologist           Nutritionist     
 Time this person left 
Yes          No Does blood need to be drawn 
 Time taken nurse came to draw blood 
 Time drawing blood was finished 
Yes          No Had to schedule another appointment 
 Time scheduling new appointment began 
Yes          No Is there another appointment today? 
 Time left clinic 
 
 Time Escorted to room by nurse (if applicable) 
 Time Nurse leaves (if applicable) 
 Time Seen by (please circle)     MD           Surgeon/NP             Psychologist           Nutritionist     
 Time this person left 
Yes          No Does blood need to be drawn 
 Time taken nurse came to draw blood 
 Time drawing blood was finished 
Yes          No Had to schedule another appointment 
 Time scheduling new appointment began 
 Time left clinic 
 
Appendix D. Follow-up Survey 
D.1 Email to Staff 
 
Weight Center Staff, 
You have most likely noticed Serena, Alsan and myself in the clinic about a month ago 
performing a time study on Weight Center flow.  We have conducted our initial data analysis and are 
looking for your feedback on some of the problems/solutions that have already been addressed and that 
may be addressed in the future.  Included in this is the addition of the electronic medical record system.  
We have provided process times that we collected while observing the clinic.  These times are the 
average time for each process a patient took part in (this includes bloodwork, time with Care Provider, 
time weighed at the scale, etc).  Keep in mind that these times are averages and can deviate significantly 
below or above these times on a regular basis.  These times are specific to the processes we indicate at 
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each question.  It does not include any transition times nor is it cumulative throughout a patient’s 
appointment at the Weight Center. 
It would be greatly appreciated if you would complete a short, online survey that outlines these 
problems and solutions.  No personal idfentifying information will be collected other than your position in 
the Weight Center.  The link is below, and please do not hesitate to contact us with any about any 
questions or additional information you may have.  Thank you for your time, and we look forward to 
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Appendix F. Completed Simulation 
F.1. Patient Arrives 
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F.3. Weight Taken 
 
F.4. Patient Seen by Provider 
 
 









Benneyan, J. C. (1997). An Introduction To Using Computer Simulation In Healthcare: Patient Weight 
Case Study. J Soc Health Syst. 1997; , 1-15. 
Carini, M. (2009, June 5). Analyzing the Reasons Behind Obesity. Retrieved February 28, 2010, from Suite 
101: http://weight-loss-
methods.suite101.com/article.cfm/analyzing_the_reasons_behind_obesity 
CDC. (2009, April 2). Centers For Desease Control and Prevention. Retrieved September 15, 2009, from 
Fast Stats - Obesity and Overweight: http://www.cdc.gov/nchs/fastats/overwt.htm 
Farlex. (2009). The Free Dictionary by Farlex - Health Care. Retrieved October 14, 2009, from Medical 
Dictionary: http://medical-dictionary.thefreedictionary.com/health+care 
Gressel, S. (2008, September). New Hospital Designs Focus On Reducing Cost, Improving Health and 
Flexibility. Retrieved September 28, 2009, from facilitiesnet: 
http://www.facilitiesnet.com/healthcarefacilities/article/New-Hospital-Designs-Focus-on-
Reducing-Cost-Improving-Health-and-Flexibility--9680 
Jacobs, F. R., Chase, R. B., & Aquilano, N. J. (2009). Operations and Supply Management. New York: 
McGraw-Hill Irwin. 
Jimmerson, C. (2010). Value Stream Mapping for Healthcare Made Easy. New York: Productivity Press. 
Jones, D. (2009, September 10). Hospital CEOs manage staff time, inventory to cut costs. Retrieved 
October 1, 2009, from USA Today: http://www.usatoday.com/news/health/2009-09-09-saving-
money-hospitals_N.htm 
Kelton, W. D., Sadowski, R. P., & Sturrock, D. T. (2007). Simulation with Arena. New York: McGraw Hill. 
Kerper, D. A. (2006). Lean Imrpovement Methodologies. Misty River Consulting. 
Klein, R., Dittus, E., Roberts, W., & Wilson, T. (1993). Simulation modeling and health-care decision 
making. Medical Decision Making , 347-354. 
 
 
120 | P a g e  
 
Krumme, G. (2002). Explanatory and Analytical Models. Retrieved October 10, 2009, from Washington 
Education: http://faculty.washington.edu/krumme/207/models.html 
Lean Production. (2007, July). Retrieved September 24, 2009, from 12Manage The Executive Fast Track: 
http://www.12manage.com/description_lean_production.html 
LookAhead Decisions. (2006). Healthcare Services. Retrieved October 14, 2009, from LookAhead 
Decisions: http://www.lookaheaddecisions.com/services/healthcare.htm 
Lowery, J. C. (1996). Introduction To Simulation In Health Care. IEEE Computer Society , 7884. 
Mand, C. (2009). Using The Lean Model for Performance Improvement. Health Care Perfromance 
Improvement Education Series . Milwaukee, WI, USA: Wisconsin Office of Rural Health. 
Mayo Clinic. (2009, March 19). Retrieved September 15, 2009, from Weight Loss: 
http://www.mayoclinic.com/health/weight-loss/MY00432 
Parnell, S. (2004, December 10). Banning Competition Wont Get Us Better Hospitals. Retrieved 
September 20, 2009, from The Heartland Institute: 
http://www.heartland.org/policybot/results/16145/Banning_Competition_Wont_Get_Us_Bette
r_Hospitals.html 
Shonick, J. (1991). An Introduction to Simulation Using GPSS/H. New York: John Wiley & Sons. 
Tapping, D., Luyster, T., & Shuker, T. (2002). Value Stream Management. New York: Productivity Press. 
UMass Memorial Health Care. (2009). Retrieved September 15, 2009, from Services - Weight Loss: 
http://www.umassmemorial.org/SystemIP.cfm?id=1535 
UMass Memorial Medical Center. (2009). Retrieved September 15, 2009, from Services - Weight Center: 
http://www.umassmemorial.org/MedicalCenterIP.cfm?id=3383 
Value Based Management. (2009, December 10). Value Stream Mapping - Waste Visualization. 




121 | P a g e  
 
Weight Center, U. M. (2009, May). Weight Management Program Track. Worcester, MA, USA: UMass 
Memorial Medical Center. 
Womack, J. (2005). Going Lean in Healthcare. Institute for Healthcare Improvement, (pp. 1-20). 
Cambridge, MA. 
 
